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h m&mmt sxio'Vrf ixrx-b <o , iwf E#gtt 

$^F^Xfi«fi<§£:fc^T. ##X7C*#1 x l 0 

4i«<0«Ktt5 X 1 0»Vci»JaTT*D, WE*** 
IRart«Xtt»iajfi«fcfcV>T. %itiX7mtf\ x 1 0 
x 1 O'Vctf 0«*^iftTV**««£ir"*"* 

^tawc, »**.5x i o>«/ci8jaT<oiMte**, 

iBififlftis^-C, ##*7U3&#1 x l o'»~l x l o 2 » 

imxm ] tmm±.izi&g' a tfim?ii-&¥mftm 
t.y-v urn® k.y-hwtb &n-tb*m#$aat 

*&&t*o, mzy-h% l mkm%&mmz}5^x . m 

X. %tfZ7Z%tf 1 X 1 0 13 ~1 X 1 0"/cn !, 4)SftK'C 

a. 

t\ MIS#^7U*{4He s Ne, Ar, Kr, Xe*> 

hm\fKtz-mttz\mmmxhhi\tim.ii^h^ 

fit . Miem i o^swMRfc ^ y a ycotsftfkswft't 
i o^mwmcomwiz^) rmmmh 

iSfc. fl(fia^*'Jr«±^2c7)^*«:!iSrfi&fi-rsI 
St. MIEm2^^ft)itc#^7U«5rMIB^JSt|5) 

i^xtt^watasjn lt , $ 2 ntimmuz 

fit \AMmm*it+hn 1 <rmmmmm^x 



mt . mm 1 wiftisi;: ^ u 3 v^t&iMfcfciiHi-*- 

^M^t^MdLT , ^ l <7)tommiz£ O&AflBi 
fc, fTiEISift^*#t6StlWi|Mi#Jft^Bfcy\'U 

rmzmm-kiMt , huie^*uts±^2<?)^«s 

R*jRBW*ISi:, fnE»20^mWls|Rfc#^7aR 

SfcJ: Oy «y ? f y/Srfi ; v^|filEM^7C#S:B(ilEm2W 
iNWfsKfc^UlS-e-ilSi, i!uiE3f52<D¥#ftlI£f& 

z t mmbt^m^mcomm: 
im&8] mxmxiimsmnz&^x. rnvw 

imm9\mmt>x\mmiiz}5^x. 

[mrrjsi 0] wmeyutmmiizto^x. mi* 
>j Tmimmz&mwmxmmmi ix*yy 
zmLZitmmtt.ixBf8.t2>ztm®ik't&¥ 

imxmi 1 ] msmexums^nzn^x . mm 

tfXjcSttHe, Ne. Ar, Kr, Xe»t>mitlfc 

-mt tz\tmmxh izb t -t s ^mwmmco 
mum. 

immi 2] fflzmextemwiz&^x. mm 
trxjmiM *>&\mx\*4 y-7&ximw?& 

irnimi 3] m?m6xiiwmmiz3a^x. msm 
i^JuiW!fta«i. ADyy^yr, tf/w^jv^y 

E-r h v *7J± y y-r. n&*m yrfrbmititz-n 
ttziimm^nmizx rnozb m&b-rz* 

immi 4 3 mmexim^m^zn^x. mm 
imsmi 5j nsw6»in*JB7fcfcvvt. huie^ 

2^Ja^n ! a{i, >Noy>7>-r. ^^N^-fH^y 
4fett«GR«*»4.<ofi»t:«I: Off a Z b mmb? 

[nw&ii 6] mz®6xitn#i%7iz&^x f mtzm 

fcj: off a wt m®b?&*mftmmwm. 
ins&i 7] msm6x\mmm^i t ti^z}i^ 

X. |tflE»l!^7C^<iFe, Ni, Co, Ru, Rh, P 
d,Os, Ir,Pt,Cu, Au»t>XtttVtz-^mt 
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m. 

[000 1] 

*)mmz.mmv7> : Jx? (bit. t f t t ib^ ) 

[0002] 

[ft*<9&ffi] TFT2rfflV^JM«EI»*»JSt*fc«> 

miMsmztixv*. *mfomteTFT(7)%m (z 

ZXK1-**)V&fgLffi$ftV-X%.VY va ywti&x 

[00033 %ibffim%?z>*m&mBm-htzit) 
mm*ft^&&itz-tt&ij&tfm^t>tix^z>. i& 

8rt»4>* 0 . *««A*«BiffliKr*rtlfcErtI LT$iJ1Sl 
Kfcifc«LT*+yr«»l6#*A-XfcfTfcft1\ T 

f Tommm. mmi t x v ^ . 

[0004] dflfcfcfU ^M¥7-l 83540^ 
l/C>- »J 3 y#«#]R* »jMfcS-ti-6tt«T* 0 . iR 

t^s & **a* sots izt tm t>ti 

tt(4Fe s Ni. Co, Ru, Rh. Pd, Os« I 
r, Pt, Cu, AufrfcBtf*lfc-**fcli!HMT 

[00 0 5] L*»U jMdBWffl^)*4A«7C« (CiT 

\t±x*ttx®mmmj£) zmmzmz, *m 

TFT ottftfttttt £ If 4> o *Mt & & t' WBHW* $> & . 
frUff. TFT*>*7*abWiMinU ffl*tf>3fflS|-m 

nhzmTtmu. -steikmmmmfcztixi 

[0006] mrnvzy*/ 9 y y^msa. 
mzm\\iiz&%7imz 5 o o°cn&<r>m?mmz}5^ 
rfc, ^mwrn^^mm^m^tizt^mt 

LTHS. TFTOV-X- HM>iHHiCU 

y*ffl)ULX4 5 0-7 0 O-CWfWOaSrffd^fC, 



m^mm^iMtcomzmMUz&%7cmz®% 
izmzti z t iMm?t> & . zcoxd %&w<o-m 

tt. 1*ttff3 03 280 l*fcHK*S*VO>4. 

[0007] f7^'jy/»a. yys 

9 y y ^ns- t fc-frsx?* h y y^ -y 9 ? **9 y > 
y*?. vx.^-ftmz$&zti-fzimtim5-th%FFX 
m<7)m&a>zt w Lfc-r v m; *y ? * y y^a* 
ttWiros. x^xhyyj/ y^y-y^yy/cti, 
v»jay7xys-oSia (fil7£^t&K*f$l<0ffl) 

4. 4*ym,iz£m&2tite-&im?!m 
05***»jsuTff 3 y -y * y ymmmti 
xm>. ztit><nmnt. m&waymmmvz 

hnX'fo*). isVaycovx^-cotitmwi&tlXU 

mi%mmi>i&fM%ztitz{><7)X'b&. i^tncu 
t . y y ? y y^*»*+fc*4 Kh&wwwm 

oyrwh) tzwmz&tzkx: m^mmm m 

[0008] 

ti. Y-^yytLxf&htihTmx'ibh. «ot, 
fefflvvty >y ^ y y^tiT f T<r>®mmiztmtt®% 
izmxti hzt iMmx-h h . m zm^t: y ? 9 y y 
5 5o*c\,zxA^mk&<nimdmx\ way 
m^tnmz^ftmizmxifz&mnmzmi'tz 

maizvtiiizwwnm&.tei x i o*«/ci»j2i 

±, »4L<I41X1 0 21 /cm3-C'$>y. h'-h-y/tC^ 

[0009] *»B < Htti^)J: d*WH*JW«'tfc!ti^ 
[00 10] 
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[ooin mmziz, *$LW<r)*mwm.<mmn 
•mi. mmmzii?immz : sV3>z±f&,ttkut 

iess i <7)*m#mizis u a y<r>m&ik£m%tmi&7t 
mzmmx. m i coumm-miz* <ounk®mGti 

&m i co*mte®mmzj< o rmmm&xnt . 
mi^)rm±.nz^2mmi/m^m^hxmt. m 

(7)^c^Jn LT . m 2 CDtmMmizJ: v 

mmm7mzmi?%2 co^mmizmzvzx 
mt. mffi2?>!mft®zm;i-z>xnt, itne^'u 

cooi2] afcuu ^«ffiSr*-ri»»«^^ , j ay 

■tiisi: , miEss i (vmttmizisv a yamkftt 
mmhmjtmm® ix.mi mammizj; oss 
mmtt?z>&i<vmftmmmz>xmt. mi 
i <oim»*j«w— »r-**!H«t * 

iSt, l9IEISA«M*^*»l<0*W»il^«iiIK 

f^rm^mmhxmt. m&wrmijzteei* 
mmzmtzxnt. mm2<&mfmtz*t#z 
Tmmiftmtm&fXitznmzmuix. 9120M 
mmizx v y?*ft\yMsi&mtM*mim 
2cr>¥mwmz®®z-£z>xnt. mim2comm 
ma-txmt . buIe^'u rmzmzi-ixnt 

[0013] ifcii. mmmtttimfciz=yv ay 

■thxut . friBm 1 <wsifltiuc^ u 3 yatgjM& 

SW**Sjl««7C*£8anl/C, »l^)Jlfi!!«H(cJ:0lt 
JMttittWlWWtK^lStilil:. luffi 

Miem 2 tf^fWWcftXWc** b5iei£ 
y. y ? ij y^Srff v^HuieM^7cS$:BiriEm2c7)^*l 

tc»«s*4ia4:. mz%2<7)*mft®m£-thx 
ftt&m 1 mmwmzv-^-mmm-hxnt z 

[00 14] ifcti. ft^ffi^W-rSStRtc^'Jav 

■raiat. friB^wffiit^w-rs^iw^fti^ 
*> amTtmimvt&xm 

vrmmmhxut. w?yr*±K»2»*« 

flatfcJMH-iia*:, Byie^2W^#:litc#^X7E 



xmt. m3ffi2co*mmm&t&xub. mi* 
'jrssr^-rsxst. BtriBis^jt^*-ri»mi^ 

[0 0 1 5 3 tfdt. mmffi-klzyV a ynte&ik* 

&%?iMi%7mmmzxut. mEjemamzn 

Kvmwmmm-zxmb. mBHMtmutt 
m 1 co*mmco$kMiz;vj rmmm-hxut . 

**«itt«i«fcra«*xtt*^afe:ijaiirt-*iai:. M£ 

fcfttfflE««E7cS5:frlBm2^^«tJStc^ft§-(i-|» 

igfc. wen 2 ^^KSr^-tsiat, friE^ 
^t*mzu-y-Kt:mitz>xmtz$A,X'^&. 

[0016] frlB^'y Tltt* SXmM^IM HW*P* 

K-fk^ 'J 3 ? y y/^75X?c v 

[ o o i 7 ] y y ? y yyiM h *»jjW-«feft(c«RDn 

•TS#^7r#(4He. Ne, Ar. Kr. Xe*^S 

XTcSii. >f jj-yftA&XJi-^ y F-rmx-mstz 
mwmffi2n^&mBfctmiz®mzm 

[ 0 0 1 8 3 ISiMkSrtf 5 fe«xo* 1 cOSDiBfta 
ti s Aoyy7>7\ tttos^A Vyyy. **.jy 
T-uyy. /j-tfyr-fjyr. itfftbyw 
^ yr. if Ert® 7 y rfrbmf titz-mt tz\mmm 
frbnmitzX *)ft o LRTAft, xtiMS^T^^-y 

[ooi9] y y^'jyyj-ff-s^^icoSD 

-byyr-^^yr, ^-^yr-^^yr. set-h 
yr, iSE7K«5 yr*> f>S(m^-a*^(i 

^^y^rtWvStt^^SrJl^Mi: UTfflv^GRT 

-jimzmmLxfto . 

[0020] Zcv£o%imJjmiz£ 
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o 1 8/c«» aT?t> o . mz*&me>\*i%x.iimm 

fcfcWt:. fttf-XTcStflX 1 0 13 ~1 X 1 0 2 Vcm3<0 
[ 0 0 2 1 ] iiz. ffecofitfiScii. KMffiliiciSftttS 
Sftll(c££ftl>i8?<7)*g|j£l45x l O'VcrfOT-C* 

7afcs*i x i o i3 ~i x i oM/ctfcomfeX'titix^ 
[ o o 2 2 ] a*:, flsoawwi, ffiig^ii±c«gafiijs 

S^NWtffllfc. y-MeSHRfc. y-MWSfc£ 

h««i:*Sr6««fc*JV^. B^£5 x 1 0 18 /<rfJ2l 

-MfiWlk^SMlifiatetJV^. IHtfXTtmtfl x 1 
0 13 — 1 x 1 0 2 Vc#c7)iiJS-C'*^^-CV^|,^$r*-r 

[ 0 0 2 3 ] * fc, ffiWBMili. *£»ilE.LK*&ft«it 
**T*-fti|mMM**:, y-MfiSKfc, y-h«ffifc£ 

mtiz&^x. mm* 5 x 1 o> vaPjaTowrc* 

0>JWiWMciSVvC, *^X7C«*«1 x 1 0 13 ~1 x 1 

o™/cv?cr>m%.x'$£tix^z>mmGi-&z t zm® 

[00 24] 

Lx^mmmmmmmm^mm-i. am** 

iDLTISJMkLfcfft. y** U y^tff dStfi-C**. 
[00 25] 01 (A) KiJWC. Wfol oo**ts>w 
*fc»Stf>l»SI4$rvv& t . »* L<(4^''J 3^ 
I^x^T;^/*-?^®;??*. ^f4E3l&i: 

* y?mi 0 1 fc LT*f«SS&ilS)8l£ 1 0~2 0 0nm<DJI 
»3f=5:7"D-y4fy/10-CT(4. 

vcv Dmx'fmztiz&itmtt.i'V 3 yjprcfco. s 

iH 4 , NH 3 , N t O*»fefWISn*IBlBMkBft^U 
3yHSr5 0nnCOJf$tC^L, S i H 4 1 N t Oi>>bft 
M2tl&%2WiWt : sV3>mZ 1 0 0nitf>«3fc# 
^Uct^SrSffl-rs. 7'n ydfyj/Jil 0 1J4#7X 

mwzmiz^Ktbizmihhcox't)*) , 

[ 0 0 2 6 ] yo -/^y/S l 0 l *>_htc#jjW-**m& 



«fBftSr^rf*¥W*IB < SI 1 10 2(4. 

(4, IMHt^D avHXUfHHrS'y avy^v-^A 
Ji&fc'tf&fflSfL 7-7X-7CVD^>gffiCVDS, 
<M4:VC«y ? 'J y^ST'l 0- 1 0 Onu^Jf SfcJBBfe 

$•5X1 0 18 /cm 3 jaT(CffiM$-tTiJ< tftV\ 

*) , t t:&m.mz& ^x i>w»w*mm&Mi*m 

[0027] i^mmm:-M-$-h*mm 1 o 
star*-*. ^iHW«i<oteftftt(Bat*i«t^ffl<oft 

*£K7C*i: LTJ4& (Fel.^KNi)^ 

(Co). rt^-^A (Ru) . Dv-'^A (R 
h ) . ( P d ) . *X * -7 A ( O s ) . 4 »J 

i*7A ( I r ) „ 6^ (Pt) . m (Cu) . ^ (A 

u) %t'X'h<o, ztihfrhM\ftitz-mttz\mwm 

mmX' 1-10 0 Pf>m<7)~ y iriHiztsWm- «y *r)V 

mmz*vi--x-wttLxmkttm \ o 3*»*t 

ftKWJtSr*^***** 1 0 2 WlSffiMai: LT , * 

*BB*»*L/sft. w^/y^mmx'umixm 
m\,mmiWtfLixt5<. is>)3y%t'*mm<vm 
miz*m*m<?>x\ z^xommzmfcixa 

WX'Zh. 

[0 0 28] mk. M&ttmi 0 3(4^4 

izmfezti-r. x^-y?v>?m. mrnm. yyx-?®. 

®%k'1iZ£*)BllLLX : t>&\ ttz. fmt^mi 03 

[0029] ^a^8it^*^S^f*c)S 1 0 2tm 
1 0 3 1 *Jfl*Lfc*OT*«»U:* tfeA'fkO 
fc«W0jl«i«Sl*ffd. SD^ao^jit LT«4. 

yr-uy?. wfrfv mzfrm^y 

T^k'i^tz^l^T— —)V (Rapid Thermal Anneal 
ing) £(LRTA£) *8Jtf6. 4/SJ4, 
*5«<0PIBBRr--;kJ6 ( GRTAS) S:ff»t*. 4 
«tt***f*fc. LRTA&XttGRTAft^tRffl"*- 
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[00 3 0] LRTAffiTffSfltefctt, MfflW?^ 
TftiK£l~6 08>\ #4L<(43 0~6 0#£*T$ 
1-1 00. #2 L<li2~6EM9jB* . 

*WIBWKtt6 0 0~1 0 0 0X:. #4L<{46 5 0~ 
7 5 0X«fc4?iiflR3fi*J:$fc"*-4. <r<DJ:3& 

«»"c*9. ski oote**ii##sx/c»ri>£ 

iMts*. hi (B) tz^i-mmm^i-h^mm 
(ssietfmwwR) lOA^^tifix^hn 1 . z<r> 

[oo3n ^<r>wrnmt LX7r-*xT~-)vm 
zm^iw&izte. tm&mzmib. soo^ti 

&^£Jl^Tg3SS$?tffl&4'fcT 5 5 0-60 0'C. m 
I < (4 5 8 0X:T'4 eHWjnSWaffll*ff ^ISJMfcfcfT 

■5 . z o ix. h i ( b ) iz^&skffimzG-t&^m 

[0032]$ tcteftfb* (iRw^*ax«iif»SJt 

ixmm®t&KMzu, 0i(o x-Tfrtx o m 
sami^th^wiR i o 4 c*t LTii^fast fc« 

V~f-£{iifcg4 0 OnmJ^TWX^v-VV-Hf-^ 
*\ H#U— f-T*4YAGP— YVO ( l/- 
YA 1 0 3 ]/—¥—&tzl£YLF\/—¥—COs&2 

±a<0H*W-1f-<0SI2SiS«. S53i«ilR*littX 
[0033] iH»8RSW>Y V0 4 

^■{^4. mm.&m : Fiz±>om2mmmz&®i. io 

Wc7)X^yl/^-h'-jUSr 1 ~ 1 0 0 cm/sec cr>&gX'%& 
LTl&IMfcS**. 

[0034] AVUXHtgOX* y-?l/- 
££(4. t§D£U9lifcftl 0--1 0 0 0Hzg*WWX 
V-1f-**fflVK SKW-lf-Jt^^^fct 1 0 0 
-4 0 OmJ/cnncSftU 9 0-9 5%^-A'-77 

r$2r i>nx&&mmtth*mw®. 1 o 4 t»-ri> 

[00 3 5] i<0«fcdCU"C#^6ttft«Ut**-f6 

c%\<7)!mwm) i o 5tc«4, imtcs (z 
zx-it- v^v) amtfix^h. ttuimfrtts^x 
-mizmix^z^ztz,. wmzmntb+tui* 
i x i o^/aftrnthmxrcmFLx^i, z 
<d£ o %vmx'{> t f t $r{4 tto&u^mftm? 
-r&zt ifflmx-h h it. amz^i^mxy vfvy 



[0036] t-r. mi (d> izTFCtxoizmnjmt: 
Gtz^mfom i o 5<nmmzmwvj rm i o 6 
jftt*. ><v7mmzimizm%zti%^f)K ®mz 
n**/y*x->imt& ztizx*) jfto&ztLi t $ i))v* 

KTiW9LT*>Av\ 4fc, MK. 

\,z*r$.ti)v***H Y*mm-hzttfX'*h. m>n 
Gmwttx'mtmmiizx *)*Y>zm.Zitxm 

ftWSMfoTfcftn. 4fc, ^'J-y^-rySrffl 
v\ 2 0 0~3 5 0t:S«tcJflRL , C»V^iMlJISr»ja 
LAurit LTtftv^. T7X-7CVD^ 
H»ft^t"C'l-5nn^Jg^bM 

itmix'ojTmt Lxi>&\\ 

[0037] ZCD±.lZTyX-?C VDm>mffimZJ*'y 

? o >ymx'*mvm m2<vmwm i o 7 £ 2 5 

-2 5 OnmcDJf Stm-rS. ft^WtCtt^ftK^U 3 
T\ ISfi«Ji**t £¥**M1 0 5 tx-y^-y^Si 

-cj^iR-ti^^tt. a^iass: i o 0-2 0 o°cgg 

fcLT. !K*C**?r2 5-4 01S^%*t-fr"C*5<. 
g^2 0 0 o CJilTt 

^7 ^-rs c t tzx t)*mz2&tz®wz<&£ithzt 
x-mmzmxTtrnzmtoZitxtiKt. mizm 

Z7C%Z®<%l l zM.>0&&-£&ZbtfX'%&. ZolXW. 

*mfc$hzbvx'%h> 

[0038] *<m.. 4*>v-?mxM *>&m 
izx*). *mikmo7izmz7mtfixio™-^ 
2. 5x1 o™/ctf<7)wyg.X'&zti&£ : !>izm\rt&. 
tim.nm±m&i>e>t-t&tf. mxTmx-h&titb 
'&xztih$itfx<7)4 *ytf*mfam 1 0 7 fc/<y ri 
1 0 6 zmmi. -®mmmm?&*mwm 1 

?*timi&m&x'h&t:#>. ifsswwRi o5<oaiB 

5fi«WC*JV^ 1 x 1 0 13 -1 x 1 0 2 »/cm3ejg(7)jigt' 

^4ixT^i»^* i J>oTt. m?mmzztebmi* 
&\ 

[0039] fttfZTtmb UT(4^';^A (He),* 
Jfy (Ne ) . 7)13> (Ar ) , 7 U 7* h y (K 

r ) . ^yy (Xe ) frhM&titz-mttztemm 

izztit>%tfAjtmz4*yv-xbixmt>\ **y 
v-7^\w*y&xmx'*mwmz®j,-t& z t 
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-ote*mfc&cr>m-mz%&4 *y*m.?& z tx- 
znmmmizmtz-tz t ht>K mzmitr 

)ld> (Ar), 7>J7h> (Kr) . **J> (X 

tz$mizm>tiz>. 

I o o 4 o 3 y* 9 y y^iwnfcifiLa«f himzco 
mmmith z t &m t%&. Mfmrnte y r - 

^XT--;Wa^LRTAaXI±GRTAj£tlTa. 7 

4 5 0~6 0 0°CT'0. 5~1 2B^^Jifi*J!Ui£fT 

LRTA&£JHV***&fc:tt, angyfl^y 
7-3t^S:l~6 0#. #4Ktt3 0-6 0»jSWS 
it. -Hl£l~l 00, »*L<(±2~6[II^03g-r. 

jWWBWfctt6 0 0-10 0 0X:, #2 L<t47 0 0~ 

7 5 0 XJSKfc: t -CM* § ft 6 J: d fc-* S . 

[004 1 3 y-'/fv y?\±. my-y 9 y y?M® m 

■c, y?*yyyu^ausfc«e#u o»a?*4 
{3 «mt Ht*y -y ? u yyifimtsz t c** . 0 1 

*rtitt*»(WR^«sa«<oJE« , c* 0 . y -y * y yy 
ii.tm&)mmx'$mt&. wm&<nm\im.<rm 
j*h*k *mi*m 1 0 iiz^zKhfttfxjmtf&mz 

^tm-^ut. y r-^xr~-)vmx-'{io^z\ti 

OO'CITF. LRTAftXttGRTAife-CfTd*^fctt 

8 0 0OTFi:-f^#?&l>. Ml. £3@HE*fflV*4 

*^(cn. mattci 0 0 ox:*-cw»"f ftifc t^s 
[0042] n. z<riM&m\,z^xi>iy.i o 2 »/c 

m31iLh^S-C-#^X7C^Sr^^f*Ml 0 7ti&A 

<7)^\,z&^xi>mL&%ixfWkWzmtix, *mw 

[0043] -eotiL ^aiMmw*; 1 0 7 *aaiwtx 
•yf-y^L-cBsfe-ft. xv+ysmmtixte. c 

**1M F (flS?5$ (CH 3 )»NOH) ZfttsMm 
•%Z7)V*ivmmz£h*;2.v hxy+yrx-ftdzt 
tfx**&. znm^oTmi 0 6iix.-yj->yxh 
-tixmrntz. ttz. A'ij7iio6iiwi77 
mz£<om*ti8&\ 

[ 0 0 4 4 ] Z 0 LXmi ( F ) tzj&tx ?Cttffi7cX 

om&tfix 1 o*vaipy.Tiz&x'mtt>tLt:m8>m& 

t*tft^NWMI10 8fc#*ii:**T**. £3LT 



^$n/i«S B B B ^ji&*-ri.^*)Sl 0 8ti. WSEtc 

S^mi*ltl0 8ttTFT<oaStt«<0*T*<. 7*h 
4. ifc. SOI (Silicon on Insulator)*f}£c75¥®ft: 

mttttt y-y 9 y y nmizmmti ztt>x'Zi. 
[0045] mnoim2)® 1 1 \i.-*wn<?>-mm 
mzmw-t&mx'h*). fflmmzx on&mmz*? 
z^mftmm&it:®. y>v9vy/*^\ zuz 
u-^-mmmmizx mm.m±.^hu 
stowcKOT*. m\ lX'im&nmmiizti 
^xmwtzm^fcmi kgmt&Qft&m^xfmt 

[0046] hi 1 (a) mm \ i(b) \t%wm 
mi kffl®e>xmx't>*). mfoioo&zyw^y? 

m 1 0 U ^MM(flWt**t***tWB 10 2. M&tc 

0 3 *m&LLMk. tmmizx o*s 

[0047] -e^a, @i i (o iztftxo^ ^ 
ffijt^* t ( » i (&m#m ) 1 o 4 

tCA'U ri 1 0 6 £#«U S fefc^NW^K ioi*b 

fBCth . *^f*^ 1 0 7 t»*»^7aRt *yaAft 

Xii^^yH-7 , aTl X 1 0 2 »~2. 5X 1 0 22 /cn>3 

[0 04 8] 01 1 (D) ^^-T J: o C}H» 

a$- 7 r-^7--;^L R T AffiXtiG RT Affi 

■cffa. y T-*x7--iumx"+Toi®£t,zi,$. mmn 

H^;4'tT4 5 0~6 0 0 , C-C'0. 5-1 2B$ra«0JPfi 

saaSrffo. LRTAffi^fflv^^Wi. irafft 

fflO7y7«Srl~6 0g-\ *Ftt<li3 0~6 0# 
^T§-^, $f^t<{i2~6[I|i^0 
Ji-r. yyrffl&nftm&li&MZhnk-thtf. * 
SKWR*WIBWteJ46 0 0--10 0 0X;. »tt<(47 
0 0~7 5 0"CS^tC^-C«§^I.J:aC-ri.. * 
fC, 3*BiE5IJg*fe(5AV^^igOYAGW— YL 
p^_^_ YVO, lx~f-tf)^2i§P& (**53 
2 nm ) fcj&jf LT t y 7 ^ U y / £*T d £ t * . 

y-y ?yyyi4, mm^M hizhim&jxmtfmx*fr 
%-izx omaj^ix. tmizx o y<y 90 vrw hiz 
imth. m->x. y>y?v yyii^mramzm- 1 . 
x 'omux'h^ik'm.mmx'y ? 9 y yrtmuzuz 

=5:6. 01 1 (D) iza^XKm-^i-iotz. MMfc 

wit ttMt¥mfcKr>mzwg.rtm£cti o . 
y y ^ y y yi4jtiswffl«fisrc^aM-s . 
[0049]^, zotiummizx^xh. ixio 2 ° 

SlftlR) 1 0 7(ife B B -fk1-!>£fcli£v\ £<Ui. 
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[00 50] *m\m 1 0 7 £>M#WKX 

y/LTH**t«. x>yf-y^^at LTtt, c l f 

1M H (ft** ( C H 3 ) 4 NO H ) ££tf 

S*. Z(Om^VTmi 0 6(iX.yf-y^Xh-yM-t 
LT$£tg7&. A'lJTSl 0 6tt*tf)»7>yR(C 

[oo5i]$ ^cisfi^b* (K^*»t«»tsisa 

ifcfcttt* 011 (E) TKi-Xolz&gkffimZ^t 

t*mm i o 4 £*t it I'-u'-at^jswt* -tt 

mKb&. f-H(ia*4 0 0nmJilT^X^W 
•F-pfrK YAGU-if-com2^p», MS3iSt@ 
&£ffll>l>. V^ilfcUTt, fcOiBUflftRl 0-1 

oooHzg*o^*i/-ir-3fc£jBv\ ski^-- f- 

3K*3K¥5RfcTl 0 0-4 0 OmJ/cmHclfcftU 9 0- 
9 5 9 >y 7*fc i> o TliS* L . S£ B B B Jf 51 * 
**4¥3WM«1 1 1&7W&. 

[0052] mmcomm 3 ] n 1 a u&ffifr-mm 

[00 53] &-f. Ill 4 (A) iZ^-TXoiZ. 7o-y 

# y ^« 3 o i iKjst&Tcs^w/i 302 mm h . 
if-*— TJwm/ttA^u x^y^yy/ft. mat 

[00 54] 014 ( B ) {Zif.-fX 0 iZlt&n 

ffimzn?z>*mfri& (*si<wm#m) 3 0 3*, r 

9X"?CVD}£^&ECVD}£, SVW^5"Jyy' 
&T'l 0-1 O0m05ff§fc#Jfrf4. $£fcA'J7JI 
3 0 4 Sr^tl. . £ft&<3#JiUri8i0SftW>«ffi 1 1 

[00 55] 01 4 (C) X'^-fXolZ. *<r>±.{Z77 

x7cvd^»xa- 7 9 v y?mx-*mm. (%2co* 

gftflg) 3 0 5£2 5-2 5 0na*)JP3-CjBJfi-rS. ft 

0 5J4, WOflfcllte'fiOT, **tf)ffiv>lti: L-T 

[00 56] *0>SL -f ^ K-7t6XUtf *y&A£ 
C4 9. ^*K3 0 5(C#^X7C**Uxi02»- 
2. 5xio 22 /cm3coii*T'-ir4ixl>J:a«Sirtl.. 

mJOlhi&tiWi *ytf*mto®3 0 5 fcn'"J 7J1 
3 0 4 £JI9ftt7\ HS/#Ml*flB6*^43M*fl* 
303t4TaLTtm^=5rV\ fttfXTCJRUtfSMWR 



+?*ftefW£restt?*>*fc*>, ^^*H3 0 3 

OUBBiftgfcfc^T 1 x 1 0 18 -1 x 1 O^/ctfSS^ 
[0057] -etT, 014(D) idKliaWS 

^y-r. n&imyyTtczzm^ 
fcLRTASrdro. x«4. r^^y^t'^Ju^ 

«*fcl/OBv*SGRTAi£TfT3. 
[00 58] LRTASfffo^ptll »B?)7y 
73ft!l£l-6 0#\ «F4L<«3 0-6 0»jjaO"S 
-etiSr 1-1 0@, »4L<{42-6[lI^0ji-r. 

tfHflmiCl*6 0 0- 1 0 0 O'C, iff* L< (46 5 0- 
7 5 0rSgt4"CDDl*§fLSJ:dt-ri.. ,I<94 5& 

arawciofctL-ct, *mwmmmmzj}m2ti& 
<7)&X'f> n . a« i o o ii(ftit»(,?»ti i 

(4. j«ac^ti*>, 5 o ortT i iwasai^jiafe 

S#H^4>J=T5 5 0-6 0 0'C. «F4L<(45 8 0r 
[0059] J: 0 , ffl&7iMPft£Vm 

<o^f*t)i3 0 5t[6j*>-?-C (014 (D) <O^EP3 0 

7oj-i6j) saws, ififci*) lmojifflWKiTisft 
fbh y >y ^ 'J y?tfmnzfsbixh. 

[0060] -twft, ^f*K3 0 5 $r^fRW(CX.y^ 

x-yf-y^^rifektTtt, c l f 
s^i&T-^XvSrfflv^v^K^^x-yf-y^ ggv^(4 
hF7y^ rh^xf-^ry^-^^^'f Ho^ 
^ H (ft^ (CH 3 ) 4 NOH) ^#t?7tQ§^t' 
7;^ V mmzX l>"7x>y hX7 f-y ^T'ff o c i: * { T' 
# S . i^B$A* U T JB 3 0 4 J4X -y f - y /X b «y t-k 
LTSflrfi. A'D7Ji3 04(4-e^7 yKt: 

[ 0 0 6 1 ] 01 4 ( E ) tc^-t 4 d^M^TcS^iUS 
*U X 1 0 1 Vcn*&.TlZt'mit>tltl%ii 1 Bffim£^i- 

(* 1 WSMI) 3 0 6 Srff I) i k 
4. ^OM^ffljtS:*-rs^#frM3 0 6C0feSttS:^ 

[ 0 0 6 2 ] £ a LTEJftSiUttftfliafcSrtft** 
«c)K3 0 6«4. ^7cS^ffl(c4'9iiiV^«X{4«3V^ 
S¥^«iS B a B k LT»Jft$fi. -f-^#^^ B B B <4E^W 

4 d^ B a B ^it^*-ri.^f4cli3 0 6(4TFT<7)vStt 
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coo63] imi&mB4mm<r)mmxii2iz}i^ 
x. mm o uzfuv^vrm. ^mmitti 
*mtbmi o2^m^it^k. m2iz7jk?£oiz, #a 
mmtt-ri*mi*mi o 2commizmw<vTiai 

01X1 0 16 ~1 x l O'VctfSS^T^-b h' 

i—zmmxh&\ ztm. nmmm^i* 
mwm o 2*^^kt^^o^*)icoiis^$ijfflisr 
mtLt:i><?>x'h<o. muf. tftol^vmibe 

[0064] zommMzmm i xii 2 1 idshc lt 

hji^®3 t mmzLxm 1 4 ( b > «Rw>:cB*fT 

[0065] mmmm5mmmmmm3iz}5^ 

X. H3 C*rf J: 7 ^^5t5:^-r^^ft)i2-m 
X 1 0 16 ~1 X 1 0 18 /cm3gj£<O7?-b7-;?XtiF^- 

^fi«^$iJffllSrBWi: Ltzh^X'h 0 , HtSO^«4 t 
muz. TFT<0L#vMWE*«flW4**K»St 

4<rfca*?$4. 

[ o o 6 6 ] i £ ?aaiasn3t--3i^<wwft?c* 

(4. 4 0 0~6 0 0T»^^£J:D*£tt'(l:U 7? 

■trtxiiYi—b ixmmzitzzttfx-zz. 

[0067] 

[HJSPJ] [WfcJfil)*«Wtfflv^R-««U:fca* 
ffiS^Jffflfct&tt4IEI&[Hl8&<DTFT <n** 
^/UlTFT&tfpf-A'^M'MTFT) £|3|ll*fcft»r 

[0 0 68] H4 (A) {CiJWt, msL2QUti}yX 
5**K*fflV*4*£fctt, I¥$#0. 5-1. loO 

**&k#*4. ztz. % uzt&MLzmtMt&m 1 

2. 3 7g/cct>\^i><7)t:mmtZ>Zbt>m£l^\ 
[00 69] *LX. H4 (A) iCjjrfidfcUHS^O 

s/'jayK (s i o,N y ) m<?>imW)*t>ft.h7vv* 

y rm 2 o 2 . ft«w*-wiirn y df vr 
m2o 2tLX2mmm^m . sih,, nh 3> a 
i/Niozmtfzt iximzti&miwtiumi'V 

3yJ&2 0 2a£5 0~10 0nm, SiH 4 , &tfN 2 0 

ZBU&*fAtixjsmztihm2Wtttm{£i'V3ym 

0 2 b £ 1 0 0~ 1 5 OnmOif $£«JI^ji!<;T4fiiiI#* 



[0070] mmt?2>*mwmi. mmmm 1 b 

ttmt:m\ *ft*ftttfc^LT¥»M«2 0 3~2 

0 6 i<7)^ft|g<7)J?${42 0~l OOn 
i. *ftL<{43 0~6 0nmt-ri>. 

[ 0 0 7 1 ] <KVvt\ ftK(c^ft$n^¥«iMI 2 0 3 
~2 0 6*«ay-Mft«R2 0 7Sr»jS-f*. ^-h 
I6I81I2 0 7U:. 77X7CVD^\- 7 ^ijy^ 
T'^JfcU -£?)J¥$£40~1 5 0nmt IX'sV^y* 

4. iJHbi/'JayKfcfflv^atefcWt. 7*5 
X-eCVDS-C'TEOS (Tetraethyl Ortho Silicat 
e) tOi^U KJE&ff7J4 0Pa, ££0X3 0 0 
~4 0 0*C!:U flffltt (13. 5 6MHz) 
0. 5-0. SWctfXl&mZ-tXMjiL-t&ZttfX'Z 

4. iwi3teLT^li!S<t&»fl:^U3yiBi. 

f&4 0 0~ 5 0 0Xtf)JR7^-;Kc J: 0 7*- httltKfc 
LT£*?&!|tttS:f#4 Z b 4. 
[007 2] y-MftlM2 0 7±fcli!W2 0~10 
OmOlBlOWtlU: UM^^/KTaN) 2 0 
8t, KB 1 0 0~4 0 0nmc7)^2<7)««IKt LT^V 
/XfV (W) 209fc*«l#Jftt4. y-h«s$: 
a&R^fcftOSWttttflfcLTttTa, W, Ti, M 
o, AK C u#>£>jM(f;fl£7C^ tfc(4H?IS7ESSr± 
&ttb?&i&m4hl<Mt$m®X'BJfrt&. £ 
tz. u y^<o^*$!t%7c^^ Y-vyyitzzm&i' o 3 
yiwcft«s*L4im»*ii*fflv^"rtJ:v\ mi 
<vm&*9y?)v (Ta) Mt'jftsu ^2^m^ 

(TaN) ItMU *2«)W«RtAl«t-t4a 
^4rfr. US 1 ^mUSS-^fl:^ > 9)V (TaN) W£ 
ML, »20W«KS:Cuaik'f4a*-&*>*i:LT 

[0073] H4 (B) (C^7J:o(C3tll3tIg 
CJ:0WvXh*>^^4-7^^2 1 OJML, 7'-h 
S®&f : ieil^^74^WlS 1 ^x-z^-y^aSr 
X-yf-y/tC{4 I CP (Inductively Coupled PI 
asma : BWHS^79Xv) X y 7^/ft$rfflV^|> fcft 
V\ fflV^^X-yf-y^ffl^CKSfi^V^, Wa 
N<OX>yf-y^t{4CF 4 fcC l 2 i:0 2 tS:fflV^C:t 
* { ®LTv^. -efl-! f n^XSi[*ltSr2 5/2 5/l 0 
(SCCM)iU 1 PacOE^j-C'3'f ;PS<O«®t5 0 0W 
<ORF (13. 5 6MHz) m^SrJ5AUT75X7Sr^ 
)SLTx-y^y^Srffa. ««« (^f-y) tt, 

1 5 0W«ORF (13., 56MHz) «^S:J5AL, 
tCflOSBAM7X^JESrEpjD74. domico'x-y7 

g|5SrrWN--^^t4. 
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coo74] zcom. m20)xvi-yr&mz£t* x 

■y?-yXffl#X£CF 4 fcC libZmW *tL?H0)tf 
XSaiJt £ 3 0/30 (SCCM) t L > 1 >f )V 

SIW»fit:5 0 0WWRF ( 13. 5 6MHz)m7j££A 
LTT5X-?££j£L-C#3 O^g^x-y^-y^^ff 
3 . Ill (SmXT-y') fci 2 OWORF (13. 

5 6mhz) m^iSAU mtmzn<v&&u rxn 

f-y^-*Sfctf>tCJ4, 10~2 0%g*O»l£T , X-y?- 

yXB#l3£tifln$-t2:&i:JI^. 
[00 7 5] CKO^lcOX-y^-y^JflST'ti. \si?Xh 

iifflcepws^^ rxfltE^amt j: i nmm 
sicoxy i-yyymz i. o 3? l <o#mi t is 2 ct)#« 

JB*»4>jSSff51<0?B«««reiH2 1 1-2 1 5 
3Wt«2 1 1 a-2 1 5a.t&2<mWi2 1 lb-2 

i5b) mm*, y-vmmt. me>mt<m 

fg£2 1 1-2 1 5T'IS^il^V^^2 0-5 Onmg 
JgX-y^y^$iXfi<^^„ 

[0076] m#*WSOTM£7X?i: LT 

*>St l tf> F-t-yXWcfcftS'f 5fy K-7l£<D3# 
It. b'-XJ:£ 5 x 1 0 lf -5x 1 O'Vcm 2 (ft^Wt 
(21 X 1 O'Vcm*) fcU J[JjI«E£6 0-l OOkeV 

fci/tjUfcH-ey^s. iitii ssuiHfooara 

JI2 1 1-2 1 5&tfy-hte»R*>*Wtf>ll**«JfflL 

x^mwrn^mmmno . zoix. m^n 

S^ttjltt2 16-2 19 ^KSKOn 
£¥*ftfltt£tt 1 x 1 0 2 °-l x 1 02i/cm3c7)ji^K 

[00 77] mz. \s i JZh»t>%&'?X?2 10*Vti 

&t?£m 5(a) tsrt i o tat 2^x 7 f y 7 mm 

fcff?. Xyfy/M^UCF^C i 2 t0 2 i:Srffl 
t\ *flW<3;!f*SatJt£ 2 0/2 0/2 0 (SCCM) t 
U lPaOffi^]T'a-f;^^«Si(:5 0 0Wc7)RF ( 1 
3. 56MHz) mj)ZtkXlX7'5Xvi&&lXX.v 

l-yfZ'ffo. SSI (ICH*?-^) fc(i2 0»«0R 

F (13. 5 6MHz) fcAfcftAU SSlOX<yf-y^ 
5Plfc:it^ftv^B/<-fT^«ffi*9«iirt-S. 
ox yf-y^mwiOWK^x-y^y/tl.. £3L 
•c, wig^s*i±x-yf-y^t-cm2o»tto#«ii2 

20-224 (3Sl?)#WI220a-224ai:g?2 
tf)g«J12 2 0b-2 24b) fcJIWW*. 162 <m#, 
m®M2 2 0-2 2AXB.hm^ A r-YWmte% 
WZ2 0-5 0nn.eSx-y^-yi/§il^<^|). 
[0 0 78] *LX. V>ifAhfrti>%h'?X?£1tt&t 



*WiK-X*£ 1.5X1 O'Vcm 2 1 U MSE£ 
6 0-1 OOkeVh LTffd. J&2«0 

$HSB2 2 0b-2 2 3b*m:*rtS^*?fc : 5r9, 

i5S^fcfS2<OnS¥aWWI«2 2 5-2 2 8*^ 
^^m., .1 c^tsSt (il x 1 0 16 -1 X 1 0'Vcm3£7) 

[0079] %cr>m. -?X?2 2 9£Bf8.L. »3tf)x 
vl-yfmmifio. x-y^y^JMxtSF 6 fcc i 2 

fc§rfflt\ *ft/f*l«#*SUUt*5 0/l 0(SCCM)fc 
U 1. 3Pa<7)ffi^fa-f;PS<7)l;fiit5 0 0Wc7)RF 
(13. 5 6Wz) HS^SALTX^XTSr^jSLT 

fcttl OWORF ( 1 3. 5 6MHz) IfcfifciftAU UK 

«fcawiB>^r*«EE*8ttirts. ^3lt. fris 

S3COI7 J~>73kmz£ 0^2 M^Ri 220a 
&tf2 2 2 a~2 2 4 a£x v ?-y^l,TSB3<0»*W> 
^«J1230-233 (^l^«J12 3 0a-2 3 3 
afcg52<7)Wf23 0b-2 3 3b) ZMfctl. 
[0080]&^T\ mzXzWXYfrt&h-tX? 2 
5 0*JBJSLTH5 (C) |c^J:5t:»3<0H-ty 

<r>pm*m#mm3 4. 235im8.zti&. pif 
*#«i*£JBjfrr &fcMzma*titz#*>com£.te l 

x 1 0 2 »-5 X 1 0 2 Vcm3T'J> , )5t^lST8sjD$il^ 
[0081] llLktX'nTMX'Zti-t'tin^mftmiz n 
8MW22 l&V. m3(?>&#<7)mW823 0. 23 1 

(iy-h«ffit=5ri»„ ttz, &2<mmmm23 2 
temmmzm ^xun^t^B^ti-ijoim t & 

S. m3<r)B#<?)mW§ 2 3 3liMSSE^fc^ 

[0082] i^v^T-, im£mzm?% 1 ^jusngsk 

237^^f^. ^0^1we^^)S2 3 7(i, 7° 
7XvCVDa*Jt{ixyN--y^'jy^Srffl^\ 5$?r 
1 0 0-2 0 Onmt LXBfcf h. *<Offil&-0IJt3. 
r^XvCVDffi^J; 0^$nSJU¥l 5 Ora^>BMfc 
Sltis U 3 y^T-*S . 39§fo. ^ 1 C0S^^2 3 7 

[00833 ^n-f*i<0^#:l{caaniSit^ 
7T-^7x-;^LRTAaXGRTAft > 

~^mx'nmm^im^\ mm%mfsftx4 00-70 
or, ft^ww±5 0 o°azx mmnumwrnz'tT 
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o . i>~f-w)mizx o mitzft i fctt, y a g 

V— r-C0m2&ffl& ( 5 3 2nm) SrfflV\ 

iHN-s. i*ui. m2^«co#®i2 2 1 trnzm 

20)nmmftffi®£+fr&Wt2itltz*bX$>Z>. ^ 
ft, ;<U45>r3KS*fflV^LRTAi£TtH«-C* 

[0 0 84] me (B) ^SrTip^ 

7C V DStMx U n y^4>A«tH2 OJf ISB8SISI2 

3 8S»*L. 7 v-y*-7y£m^X4 1 o°co» 

[0 0 85] iK^T. H7 (A) (Cij*1\fc3fc, S52?) 

ji lat&iuit 2 3 8 ±fc*wft»iwm*» t>m m 3 01 

BI6IM2 3 9t»*t*. JKVVC. r-^2 2 4t 

? a 1 , Ti, mo. w 
%k'zm^xs&wwmw,m*mj$.-t&. mm. m 

J¥5 0~2 5 0nmcOTiHts W¥-3 0 0-5 0 OnmCD 
(A l tTi k^&H) ktf>«Jli8IS:ffl^4. 
£3 IT. V-^4fettHM>'iS»2 4 0, 24 1. 
y-M»24 3. ««Stl2 4 2. HS«ff2 2 4*< 
ffi*j£Sft4. 

[0086] liUi^J: 0 fc . H-fcttLLfc P 
/H}TFT303. n^*;P3>TFT3 0 4*>£>l£4 
SBSftmSS 3 0 1 i: . nf-^*;L-STFT3 0 5*>4>^-l. 
■*a53 0 2*»JjW*ii:**-C#*. nft^HT 
FT3 0 5fi7;H-y-hflfiI£#L?^l>. ifc, B 
3R»3 0 2Kli*»*l«2 0 6. ^- h 2 3 6 k 

mx'&tfLzti&tmm. ^mmmmi 3 2*^ 

=3: § HB&gl: 3 0 6 HflM S *IT ^ 4 . 
[0 0 87] fg»|HlS&3 0 l<7)pf--\>*/Pl>TFT3 0 
3tfi^*/H^®24 5. y-h«it«W"t* 

m 3 ojNNPti 230 05MHCIR 1 <o p m*m#m 

4««) «?H'l«Jyy^Kl/^ yfiti§£ 
tfl/0*4. nf-**7UffiTFT3 0 4(if--v*;WBl£ 

mm2 4 6.m2 <mvt<omnm 22 it -mm%z> 

»2<0nS¥ilWWft«2 2 6 (LDD#li£) t y-X 

«u& fctt h w >-<s«t * 1 «o n m^m 

ftffit&2 1 7£*rl/0>4. dcOid^rLDD^coli 
j£ti. ±fc* «y h U TSfcUfcJ: ST F Tcogltm 
<Mfc£BWfcl/C^4. £*>J:3$rn^**A4gTF 
T&tf p */ViBT F Tfc i 0 ^7 M/ v'X ? 

«ffc. 8Htt*EjWSW.y7rII] 

nf-A>^STFT3 0 4«|f&#jlLT^4„ 
[0 0 88] B3tSB3 0 2<7)n?-\>*/L-STFT3 0 5 
ttf - -V frVBtffiM 2 4 7 . 31 3 <D^«tf)?£Wl 2 3 



i mmy&tst&tii * 2 «o nsmwwBw 2 2 7 1 . 

y a fcji k w v<a«k UT«ttt s as 1 <o n 
imwws«2i8*wi/o*4. ffii»gS3o 

6 O-^Hftk LT W&r«¥»*B 2 0 6 utm 1 
«> P mmitfm 2 3 5 ilT ^4 . 

[0089] B*&fc iJV .244 (2B5St€ftT'£> 
0. 242te7-m224b¥mi¥m20 5cr>mi<7) 

nm*mim&k*mmt*W3&m-ci>i. ttz, 2 
y-hVBkk ixwrnthmmmmmm 2 3 1 1« 

[0090] ffl|ft$*3 0 6*>flMtoL 07 ( B ) 
f J: a t^3»fWR2 0 6 . M6KHR2 3 6 . 

ft (»3»«<oawi> 2 3 2-c«§ii, metia 

S^y- M2^l 2 4 9 k H4 . 

[009 1 ] C^J: d^B*SP3 0 2CO±HHS-08{C 
08T'{4Ji»-B*^O±BS0S:^L. #4^4 
flWttH7 (A) k&M%i>cOk LT^Z. ttz. A- 

A'at^B-B'ti^BrSfliJi^ia? (a)2wh7 

y-M»2 4 3t*SWMI2 0 5S:a*$*4i 
?C, M*fl»2 4 4<^«MB*T-^»2 3 3i:«=5r4 

zimx-ztimkLx^h. «!*tjt^ 

(S]± § -^4 i k *>^Itg k =3r ^> T v ^4 . 

[00923 *mnmx'Mf8.ztiz>m}®m o 1 . m 
mm 02 *ffit.timmm±T?T47vhv?x 

^M$rffM^4^k*<T^4. i<0id*3l«W»^«[ 

*ssi»^^r««3i^T«3R«*m-f 4 

Sr^-t4Ck* i T-^4. HI 0«TFT(cJ:->TK» 
®S& k BXISSjWBjSS *LT ^4 7 9 r 4 7*V h U ^ XlS 
«<W«&Ki»t4Hr*4. S«5 0 1 _hfcr»±B3R» 
5 0 6. IB»IlHlS85 0 4. 5 0 5*«$iiT^4o * 
««cO-^r(7)^{c{i:A^ ; F5 0 2*«$^. 
#S!iftlfl]»fcSig!-t4 ISIS 5 0 3 S$tiT V >4 . 

[0093 3 mmm2^mmx'\mm<rim^m. 
WCH9 im^xmi-tt . 09 x-ammm 1 

*14 7^ r ^ h U 9 xmL<mmU 3 0 2 cD^Sr 

^LT^4. n***y|«TFT3 0 5^J»£*3 0 

6{±ldlffllkH1Kt:LTJBJSS#i4. 

[0094] SjiSt^t^7^T^y^h , J^X« 
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feowmmm 250 mmh . *<m. . sms 2 4 

2*M'-MI24 3. &tfnf-^*;H>TFT3 0 50 
mi^nM##*^fcfflH««i2 5 0 fc&Kt&SK 
KH2 5 1 . *§ift£*3 0 6^-^<0€®Sr^Bic'ri» i l i 
Sttl£2 0 6 iHfgmffi2 5 0 frjgttf 688S1IR2 5 
2 . ; <D4 d *«Mtfc J: 0i8JffiSoaSi!il 

(c*H6U:77f-* 7v h 'J ?x£M£Wmhz\ttf 

[0095] (gftffl 3 )#*MfCl4, 1 "Cft* 

[00963 t-r. mnmi£8\\ H7 <a> 

0>7?7 1 4 7*vhy?XfflK£f»fc», *<r)T?T<7 
v mj ?*aS8LLfc:Ei*iK6 0 4 Z&slLLJt'yrm 
Z'iro. %to. 0^L&V^\ EMR6 0 4 

i. -r t ted: o-c»sissiB*«»f *fc»wtt*^)^^- 

[00 97] ttlt|*K6 0 l_Lfc*Wl*S6 0 

2£»fiScL, *Tffl»tg6 0 1 OgIB££MK6 0 3£«2 
j£L?t>y«yi£»rt-. *ffaSffi6 0 2(4 1 TOT» 

^->x2^mm i m^h^thixh. *<m~ mm. 

«:ilM6 0 5£&AU JfjfcW fc 

v h y ? xigftj^^na^^g^^t s . 

[0 0 98] (HWs0»4]iai 3f4777M7^hy?X 
B«^<0*3fc8tt0»»* jS*--WC* & . ZZX'tf 
■fWB0Ba{6 5OOn^*/l«TFT6 5 2, pf- 
f ^;HTFT6 5 3, &tfli§fl3B6 5 lOX-f -yf-y 
/JBTFT6 54, «SM»fflTFT6 5 5tt5Wfcm 

[ 0 0 9 9 ] y- MISE6 0 8-6 1 1 *>_LJIfcJ4. S 

m 1 8««?ti, wamt Lxm*wt, s&t 

[0100] IBi)|H]S&g|56 5 OOEIHfll J&tiL y- HI 

^ WijisifStT-^fi^iiiigiJisis&t x-mK&tfzz 



/l^TFT6 5 3{C{iieiS6 1 2, 6 1 3#«ttU £ 

[0101] 5 1 Tli, T-?EIS6 1 4#X 

yfflfc>IM 6 1 5 UttaWWfflT F T 6 5 5 <oy- h€ 
®6 1 1 fcSttl/O**. «a»0»JflTFT6 5 
5<DV-*Wi*»tt*ra»6 1 7>&i?L. FMV 
ffl!l<7)€S6 1 63&*5Bfi*FW»*i:««L"CV^. 
[0102] <Iii£><9EI8±W4§ft>' U 3 y$r£tf># 
{8iffi«S^*>^>j£l»m2^®BlffiMilS6 2 7 £BfHlX 

£s<o-t\ HjOcosiiBw^saaj^Rscfcftfc:. a?2 
cr)mmm.m.6 2 1 (o±izmit-> y 3 yifciaMSHb 

^ya>'*»feJ«**3lftlM!l6 2 0*»J«'r*. «^ 
(4, ^2cOSrai£»16 2 7^BSLT, ^3*6JiJ16 

2 0 ^-jfco^Ti com ZBitz-fh z 1 1> wc* i> . 

[0103] *IWftJ!af? 6 5 6tt^3^1i6 2 0± 
C^iftU, I to (K-fN yy-)A ■ XX) ^rfc'^HB 
»«tttmT»J<rt-ftlMS6 2 1 . lETL&AJI. IE?Lfi? 
jH. »Myi*if^#fS*l8Mfc^ftl6 2 3, M g A 
g^»L i F^t'cor;^y#JRi^l47^ y±«4H 

[0104] ^mt-^me 2 3*?mm6 2 4i^x.y 

0ZbWX-Z%WX\ &>m6 2 1lz£h-£X. ^Wfc 

mme 1 9±izmmmmtmx'm^ii^wmme 2 

2 *R»t * . US! 6 2 2 <4^ffi 6 2 2 O^gCSra^ 
h X a mfcfh . ft#:WtCf4. USA 6 2 2l4*^fi 
Ol^XhfclWBU <-^f^Cl~2^mSSOff§ 

( V ^«9> |> jfw n'- a y ) ' t + h Z b tfX'Z S . 

[0105] Hfii6 2 4(4, iiWffl&cO'hZ \^?**y 
>>A(Mg), y^A (Li) mL<\tl])Vv*7J± 

(Ca) ^-iTOWSSrfflV^. »*L<(4MgAg (M 
gtAg^Mg : Ag = l 0 : lTil^LfcttE) "C* 
*«S*fflV>*UjfSV\ flfitCtMgAgA 1 Li 
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Um6 2 5£2~3 0nm, #*L<ii5~l Onm<7)JS$ 

h *) , 100 •cjaT«aure®« t , < hi 

6 2 2W^£«^T#JS*4£i:a t -C'SS. DL 

-cmt+h z t mmx'h o . u.mmt ixm^i z t 

#WC*4. ZIX. DLCllttiatettM), C 
S&4f&l§JI6 2 5l4, «W6 2 4*#JfcU: 

a, ^^mmi^xmmmmthztmti 

W mm 6 2 4 1 ffljRftgftfl 6 2 3 t <D#SuU«U4* 
[0 106] ZCOXotZ, mm6 2 2lZWt&Zt% 

< Tmfc&me 2 3 , r&jr6 2 4 zm&L&myt 
mTzmm-h z t -causa tz£i??v? com. m 

*H 2 0£*i«3fc*>. -eti^yo-y^y^-ri>7ti6 
CBfty U ^ y 4 feJiKftaftx U 3 y&tfD L C |£6 

[0 107] 11 3mx-f 'yf-y^fflTFT6 5 4 2r 
y- h flHS t L , *S*IWI§T F T 6 5 5. tUtf* 
SfflaMEKWf (LD 
D) fcftftTH*. IHSft^'Ja^^fflv^TFTtt, 

4ti>1&Z *)^t\\ Zcryfzib. E6n£otz* W&ftlz 

b^xmrnizmixmrnomzhTFT (^7«»so+ 
iz^wfammmTFT) zmfctiztit, m^mm 
igv > ) $k*ms.*ftmtz±.ximzG%}Xb & . 

[0 1 08] 01 3tWi3t. TFT6 5 4. 6 5 
5*»«-t6i|m»#BW)TJiOI (ffl£6 0 108) fcli, 

m*eiiii6 0 2*qg*siirv^. **>E»*>-hMii 

£t4f&2tfi|*8S6 1 8jWBj£$*ITV^. WflUfS 
36*f6 5 6«TJH«K:(im3«a*)16 2 0jWB«S*1 

•ens. ±mmi,ziim4tmm6 2 5&Bf8.zti&. -e 

L/C, *«ll«^>iaictt*WBWR6 1 9jW0jRS*u 
HWtSiva^. TFT6 54. 6 5 5#lkfcit3-i" 
h 'J *7h&\£<niTfrti >J ^lit LTESC6 0 

0 2^:^2^(16 1 8-Cffltf,Ii:fcJ:D7'0 7*y/ 
I/O**. H$?Bfc*76 5 6(4S^>H 2 0$r 

*t*3fc*>. ztiz^uv^vyi-htzMzmsum 

K6 2 0, *4|ft||«6 2 53W»jftS<X'C^4. i^fe 

[ 0 1 0 9 ] II 1 3X'^t X 0 %m&coii®i£mfflz 



o . i t o izmztLimmvm'fmz timm e 
2 1 tx/tyfvyjfmtzx vmiftfmi'&jmzmm 

Hmmm l 9^It:fU^-y?:4 

5. 

[oi io] ja±»j:afc. TFTfc*«BS3iast*tt 
nsR-afttLht^js-rsiki-c**. 01 3-c^-r 

4olc, TFT<9±Sffi)£B£T*& y-h 
MkU.Wmiz£ *)®tsZtlz£*), 7fr*iV&R&m 

m<r>mmzm<mm^ix^& . -irmmsmi 

1-6«SW«36»t«S^^* 'J 71 1 T'H4 
#1. ^*»4>iH«»H 2 03&«SA-rs;fc*BS<*8Ui* 
GIX^Z. 

[0111] Z(Q£ 0 **flli*K»fc*fr*»tt 
[0112] 0g)tffl5)fl^JBa&&OT7^&ttA 

[01133 KNURS' U 3ylt;- •yy/^aanLTJn 

^Wfcfi. GRTAa(cJ;OJD^aa?agS:6 5 0'C 
(#mra3^3 0#>) tLT, W^iTH 
L^SS^c7)^ B B rft^-^J^01 7fc018(C^-r. 0 

t im ixmrnrnx-mm 1 . ^^Mut**^ 

^fc L-C7"n<y ht^lfift^LTV^. 018«7 
7yMX^hM^W;TO (a-Si : 480 
cm-i ) tTO (c-S i : 5 2 0cr>ff&) 

^Wtt*Jj:'t9 5-9 9. 9^«fflTSHkLTV^*. 
[0114] y«y^y>-^(iV— (XeC lxdf 
^Vl^-f*-, 4 8 0mJ/cm2) fcJfflHLfcttfcfrofc. 

TV^ft. 6 2 6 5 0*C 

3 * 3 o » ) -e 3 ^raoy y ^ u yytm* Ltz%&<r> 
mi-vtr)vm.£o^xwvz. -7^««iTx 

RF (Total Reflection X-Ray Fluorescence: ^RJW^ 
3KXIMH6) tcJ: 9 MSB Lfc. Hi 9146 2 
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#,020 J o C 6 5 0 *CT-y -y ? 'j >- / Lfcft 
[0 115] f-3t^SSStff^^l:45C^L 

mm u-ew^ftHM^itJn i x- i-n-xit- -y 
y 7 ? y^M^irts t ^* ? v v?va y 
x. tfvfv yr'izm&mm&ftnitm&mzmf i 

[0116] {mtm^mmm^hi^mTm^iB 

£) KtffTf-i.. *HMf?iK'(±^-y^'jy^tttM 

[ o 1 1 7 3 H2 1 h^mmt u 

ymt. -'v^)vzm\\LxKvmmizkvi&&\tz j t 

ttfk. ls-i 1 -yt<DX*>\s*?-®mZ3£lX®MLt:i> 
<r>X'foZ>. v— f-%\i.)^vx%my.& C lX^i^V 
-If- («^3 0 8ni) £ft?itU i$ 9jIU§J}!J[&3 
OHzT', |5]t#l®£l 2HJ^0iiUBB*f^aLTfel,. 
X*/l^-®jgfi, M^ftT'J>&4 8 0mJ/cm2£*t 
U 3 8 OmJ/cm* i: 5 5 0mJ/cm2c7)%^toV^TitKL 

[ o 1 1 8 ] m 2 1 x-im&it iizis v a ymcfcit!. 

- -y ^;K7)^$#|6j^{COV LT . - -y ^ 
(21^— f-^x^^-^JS^'tiJn-r § fcftv \ ilS 
i-- U n y|£tf)£lffiKflitJrf & - 1 ififtfrh . ^ ftii 
-f-ft^Mlw J: 0 v-f ^ L . T« ( £tt 

x*/M?H»K£ 2 4 0-5 5 OmJ/cm^ 

*TXRFfcT»eLfetSjl**LTV^. 02 2Kfc 
W£, WCfc(t^--y^?IS* i iijD-ri»(7)(23 6 0 
mJ/cm2JiUiT'J)S. 

[0119] <I<7U 3 fc, X*/WfHB«3 6 OmJ/cm* 

tttJSiH-ijSTfc*!.. 02 2t02 3Wr-^t2. 
x*;|^-»K3 6 OiJ/ctfJJLt-C^i; 



[0120] ®&&mm<omttMim&m?mMm 

JM24K, * : FttEWf«*H2 5tc^t. £*Ui4 
8 0 inJ/cm* *) U— tf-ft fcfiSf L fcftOWBT* l> . 0 
2 4 tfclrVCtfX - y ^ j, >J *M Ftf>fS?*£«B1- 1> 
Z t ifiV* & . 02 5 M-TtKDOm^^W fcfifcfeft 
1 a 1 fc J:*tfffiflfc«il$*i 

S-7y-;^'Jt^ KttN i S i 2 T(4=5:<N i 3 S i 2 
^L<tiN i 2 S iX'bhb%z.btih. 

miz x o mmuz- v rMtmmt* *) . n i 3 s 

i 2 ^»N i 2 S i tf5tt«Ttt#fc:aiaiL,fc4:**i t^t* 
iWitt-fftffffiLTV^N i S i 2 3&iV— f- 
fl)X*;Mf-fc J: 0Ni3Si 2 ^Ni 2 Si tc^k Lfe 
t^>k«jeS*l*. N i 3 S i 2 ^>N i 2 S 
gifiriBft^fivvO'?, ■Ift&coi'lUM H*><i>{2x.y^ 

[0121] 
[HI] 







2. 677 A 


N i jS i 2 (420) =2. 6637 A 


N 1 ,S i 2 (330)=2. 700A 


N i fS 1 (122)=2.68A 


3. 08 A 


S i (111) 


1. Z4A 


S i (331) 



[oi22] tmsigmiteffli&m^&zk.k.xvm* 
zmgftukmmm-t %> z t wx-z t . tnmct&m 

[0 1 23] 01 5 (A) (i-rVX^h-yrS^-V-f 
Wyea-^^^t-^-tibD. M«s3 30K 
5^^3 3 0 2. «*«3 3 0 3^4f*»4>«-5TV^. 
WBHfcfflV^ftifcfciO, a^SP3 3 0 3-^-5-Wfi^ 

[0 1 24] 01 5 (B) {2hT^^7t"S>0. 
3 3 11, ^7Kg|53 3 1 2, W^A7Jg|53 3 1 3 , 
X-f 7f33 14, VN'yrU-3 31 5, S^S53 3 1 
6^££t?. *»B^fflv^;i:t:j:i) % f^»3 3 1 

[0 1 25] 01 5 (C)|^7K7^ybELfa 
TMO-gfl (tfrffl) T"J>0, **3 3 2 1, 
-7)V3 3 2 2, ffl»H^A> F 3 3 2 3 , $M» 3 3 
24, 5t^3 3 2 5, **»3 3 2 6*«r*tt. 
BBSfflV^ifcfci'J, a7nS3326^-e<Ofl!aai0 
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[oi26]ai5(D) mmt£ft&ffitfMn>k 

(JUWMUiDVDIfiSSjl) X'$>*). ##3 3 3 

1, imm* (DVD?) 3 3 32. SMfcM 7x3 3 
3 3, (a) 3 3 34, a*3$ (b) 333 5ft 
£0»&JfioTV**. (a) 3 3 34(i±tLTB 
<SHP8£a^ U a*$ ( b ) 3 3 3 5 (S±i: IX 

fiffl*mrt&i)K *m&m^izb£**)* a*$ 

( a ) 3 3 3 4, ( b ) 333 5 **nm&ILE 

mmm-t&zbtfTtfh, ft&, imummitzm 

[01271015 (E) (id'-^U-Sa^ia <**7 

myhf^ri/^ ) t-&9, **3 34 1» a* 

$3 3 4 2, T-A$3 34 3£-&tf„ *WJJ£fflV*S 
MfctciO, ^a53 3 4 2^^flKfeaHI»2:S!IJtt 

[0 l 281 01 5 (F) tty-bS/t-y^aye 

A-^t'ibO, #tt335 1, gffc3 3 5 2, a*SI53 
3 5 3, *-b*3 3 54?£-£tf. #?&BJ£ffl^l> 
aWI. SliS»3 3 5 3^<0ffl««llll&*i!JSt 

[0 1291016 (A)tt8HIMBS-Cfc9» **3 4 
0 1, *MMJ*34 0 2. *RWJ«3403. a* 
$3404, jgfW 7^3405, Tyff 3406 
**tr. *5MJ!£JI!v^£fcCJ:D» «*$3 4 0 4^ 

[01301016(B) mmzii. 

ti-X-TlXX'fo*), *ft3 4 1 1, &53K3 4 1 

2, i(HfcsU-7x3 4 1 3, 34 14££tf. 

«3iasw4a^»3 4 1 2 ictj^.?.^ antics . a 

[0 1 3 1 1 01 6 (C) (if ^*^5t*0. * 
#3 5 0 1, a*$ (A) 3 502, fggg$3 5 0 3, 
8^^7f 3 5 04, a*$ (B) 3 505, A 7 f 
U-3 5 0 6Sr#O„ *^SrfflV^Cl tlzX. *) , a* 
$ (A) 3 5 0 2 a^oP ( B ) 35 0 5^(Dimmm 
K&MX&-&ZktfX'Z&. 

[01321 £Ui(0«t, ^fSBJWilfflJeBtifii^TJS 

< , tas* fts^satcjifflt h z. t t^mx-h h . a 
&&h-£frt>%m&L*m^x{>mL-tiz\ttfX'% 

[01331 

a ffitfUaTCfr oZ\t IfiX'* & i: ^ o ftWL&li LX ^ 
[0 1341 V^fcffSfcfcfc^ftK 



ft, «UtfTFT<9L&V>fl«E$:S»3-£4$:ltt)» 
$ £ ft \ vBOrcflBft WC* H - f y msM" 

&mm i/ j>-%<xm?>-. %mi*mw.<o&Mm<?)fo±.t:to 

±.ZitZ>ZttfX'Zl. 

[01351$ 4>£, *»^t:J: 9fBR3*i*ttJH8S 

it, to , f y ? y v ^(c i o * nimimtfM&xiz 

[0fflOjBf*ftiKBB3 

[013 *»H<^»«^Of3!xe*ltti»t4IBr 
90. 

[021 *«w<^mi««iB^)<a!!iei mmh w 

B0. 

[033 *3ra<o^ttsi*>«*is* mm-tm 
mm. 

[043 ^Tf^$ titmmwmmz 

nmhT?r< 7-? h y 9 xmrncomzmmm-t 

60rffi0. 

[05 3 #^*jmvCfl*3ft&RMS«i5§i«fc: 

nmh7?T< 7-? y y ?x^<ofl*is*RBj?*- 

&BJrffl0. 

[06 3 *jSHBtfflV^fti!$n6R8ffl*^J»c 
6Brffi0. 

[07 3 *JMB*fflv>Tf^B$ix*R«®a5aillt 

*«6-r* r ^ x 7-? v y ^ x*«<ofwis*K^ 

[08 3 *||8JSrfflV^f^K$iiSRIMa^atc 

*t«t* r ?f ^ f y 9 xwmwmvrnmtiL 
m&±mm. 

mtmmm. 

[0103 t9t a 7-7^)9 xmLmm^mm 

[0113 *%W<?>^imM<OimJMiffl i %t& 
Bfffl0. 

[0123 *»Bjtfflv^fWSfi*«fta^BEB«) 

[0133 *%w&m^x{mzti&m$m<7>mtfi 

[0143 **BJ^i|Hi«^^fRRIStR l »t* 
»TtB0. 

[0153 *mwmw.<r>-m*^tm. 

[0163 *W«6KI^-ffl**tEI. 
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[Ei7] GRTAmiz* immftrnttefkitmn 

[HI 8] 57^^? h/W»4>*tf>fcT0 ( a 
-Si: 4 8 0cm-i) ^TO (c-Si : 5 2 Ocm- 1 ft 

[0i9] tuMb* t v -y 9 u y mom- -y ytv 

[020] ti Aft* k^ y? 'J V7®0m- v >nv 

mj&nmm^i-fjy < y * * u yyn^m. 6 5 0 

*C) . 



[02 1] J 

[02 2] iNWklRfBBW-vy/l^ME^^^L, 

[02 3] iNI«cK<05^^7h^*L. f- 

[024] ^ B mmom^mmmm=Fmm¥ 

[025] ttfttt*ftao»S&St:*J »t* m^&Bifr 



[01] 



[023 



(A) 



(B) 



(C) 



(D) 



(E) 



(F> 




UA1AJJJJJ 



104 



M M M M H 

MM n Mil/ 



WWW 14 4 4)4 



[HimuwmiwrHwwHHn^ 



r 



mam 



y^t ( c f ( f r r r f f f { f r 

{ U { n M M 

< 



[03] 



1M 7«r>XttKt»ttX , 

1 4>4 1 V mi^ * 




100 101 



[08] 
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PROBLEM TO BE SOLVED: To provide a technique for effectively removing 
metallic element remaining in a semiconductor film which is obtained by using 
the metallic element having catalytic action for crystallization of an amorphous 
semiconductor film. 

SOLUTION: To remove catalyst element used for crystallization of a 
semiconductor film having an amorphous structure, a region whereto rare gas 
element is added, or a semiconductor film whereto rare gas element is added is 
formed, heat treatment is carried out, and catalyst element is moved there and 
gettering is accomplished. A thin oxide film is formed in an interface between a 
semiconductor film whereto rare gas element is added and a semiconductor film 
having a crystal structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The concentration of the oxygen contained in said semi-conductor film 
in the semiconductor device with which the semi-conductor film which has the 
crystal structure was formed on the insulating front face is a semiconductor 
device which is three or less 5x1018-/cm, and is characterized by having the field 
where the rare-gas element is contained by the concentration of 1x1013 to 
1x1020-/cm3 [ near said semi-conductor film the interior or near the front face ]. 
[Claim 2] The concentration of the oxygen which said semi-conductor film is a 
thin cylindrical or thin flat cylindrical crystal in the semiconductor device with 
which the semi-conductor film which has the crystal structure was formed on the 
insulating front face, and is contain in said semi-conductor film is a 



semiconductor device which is three or less 5x1018-/cm, and is characterize by 
to have the field where the rare-gas element is contain by the concentration of 
1x1013 to 1x1020-/cm3 [ near said semi-conductor film the interior or near the 
front face ]. 

[Claim 3] In the semiconductor device which has the semi-conductor film which 
has the crystal structure on an insulating front face, gate dielectric film, and a 
gate electrode said semi-conductor film In the field which laps with said gate 
electrode, oxygen is included by three or less 5x1018-/cm concentration, and it 
sets the interior of said semi-conductor film, or near the interface with said gate 
dielectric film. The semiconductor device with which a rare-gas element is 
characterized by having the field included by the concentration of 1x1013 to 
1x1020-/cm3. 

[Claim 4] In the semiconductor device which has the semi-conductor film which 
has the crystal structure on an insulating front face, gate dielectric film, and a 
gate electrode said semi-conductor film In the field which is a thin cylindrical or 
thin flat cylindrical crystal, and laps with said gate electrode The semiconductor 
device characterized by having the field where oxygen is included by three or 
less 5x1018-/cm concentration, and the rare-gas element is contained [ the 
interior of said semi-conductor film, or near the interface with said gate dielectric 
film ] by the concentration of 1x1013 to 1x1020-/cm3. 

[Claim 5] It is the semiconductor device characterized by being a kind as which 
said rare-gas element was chosen from helium, Ne, Ar, Kr, and Xe in any 1 of 
claim 1 thru/or claims 4, or two or more sorts. 

[Claim 6] The process which forms the 1st semi-conductor film which uses silicon 
as a principal component on the substrate which has an insulating front face, and 
has amorphous structure, The catalyst element which promotes crystallization of 
silicon on said 1st semi-conductor film is added. The process which forms the 1st 
semi-conductor film which has the crystal structure by 1st heat-treatment, The 
process which forms a barrier layer in the front face of the 1st semi-conductor 
film which has said crystal structure, A rare-gas element is added said 



membrane formation and coincidence, or after that on the process which forms 
the 2nd semi-conductor film on said barrier layer, and said 2nd semi-conductor 
film. The production approach of the semiconductor device characterized by 
having the process which the 2nd heat-treatment performs [ process ] gettering 
and moves said catalyst element to said 2nd semi-conductor film, the process 
which removes said 2nd semi-conductor film, and the process which removes 
said barrier layer. 

[Claim 7] The process which forms the 1st semi-conductor film which uses silicon 
as a principal component on the substrate which has an insulating front face, and 
has amorphous structure, The catalyst element which promotes crystallization of 
silicon on said 1st semi-conductor film is added. The process which forms the 1st 
semi-conductor film which has the crystal structure by 1st heat-treatment, The 
process which irradiates the 1st semi-conductor film laser light which has said 
crystal structure, The process which forms a barrier layer in the front face of the 
1st semi-conductor film which has said crystal structure, A rare-gas element is 
added said membrane formation and coincidence, or after that on the process 
which forms the 2nd semi-conductor film on said barrier layer, and said 2nd 
semi-conductor film. The production approach of the semiconductor device 
characterized by having the process which the 2nd heat-treatment performs 
[ process ] gettering and moves said catalyst element to said 2nd semi-conductor 
film, the process which removes said 2nd semi-conductor film, and the process 
which removes said barrier layer. 

[Claim 8] It is the production approach of the semiconductor device characterized 
by forming said barrier layer with ozone water in claim 6 or claim 7. 
[Claim 9] It is the production approach of the semiconductor device characterized 
by for said barrier layer oxidizing a front face by plasma treatment in claim 6 or 
claim 7, and forming. 

[Claim 10] It is the production approach of the semiconductor device 
characterized by for said barrier layer irradiating ultraviolet rays in the ambient 
atmosphere containing oxygen, generating ozone, oxidizing a front face in claim 



6 or claim 7, and forming. 

[Claim 1 1] It is the production approach of the semiconductor device 
characterized by being a kind as which said rare-gas element was chosen from 
helium, Ne, Ar, Kr, and Xe in claim 6 or claim 7, or two or more sorts. 
[Claim 12] It is the production approach of the semiconductor device 
characterized by adding said rare-gas element by ion-implantation or the ion 
doping method in claim 6 or claim 7. 

[Claim 13] It is the production approach of the semiconductor device 
characterized by performing said 1st heat-treatment in claim 6 or claim 7 by 
radiation from a kind or two or more sorts chosen from a halogen lamp, a metal 
halide lamp, the xenon arc lamp, the carbon arc lamp, the high-pressure sodium 
lamp, and the high-pressure mercury lamp. 

[Claim 14] It is the production approach of the semiconductor device 
characterized by performing said 1st heat-treatment by the furnace annealing 
method for having used the electric heat furnace in claim 6 or claim 7. 
[Claim 15] It is the production approach of the semiconductor device 
characterized by performing said 2nd heat-treatment in claim 6 or claim 7 by 
radiation from a kind or two or more sorts chosen from a halogen lamp, a metal 
halide lamp, the xenon arc lamp, the carbon arc lamp, the high-pressure sodium 
lamp, and the high-pressure mercury lamp. 

[Claim 16] It is the production approach of the semiconductor device 
characterized by performing said 2nd heat-treatment by the furnace annealing 
method for having used the electric heat furnace in claim 6 or claim 7. 
[Claim 17] claim 6 or claim 7 - the production approach of the semiconductor 
device characterized by said catalyst element being a kind chosen from Fe, 
nickel, Co, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au, or two or more sorts in any 1. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device more 
specifically represented with a thin film transistor (it is hereafter described as 
TFT), and its production approach about the semiconductor device using the 
semi-conductor film which has the crystal structure, and its production approach. 
In addition, the equipment at large which functions as a semiconductor device in 
this specification using a semi-conductor property shall be included. 
[0002] 

[Description of the Prior Art] In order to form an integrated circuit using TFT, 
importance is attached to the technique which forms in an insulating front face 
the semi-conductor film which has the crystal structure. It is because it becomes 
the element with which the semi-conductor film is used in order to form the 
barrier layer (here, it says including a channel formation field, the source, a drain 
field, etc.) of TFT, and the quality itself determines the electrical characteristics of 
TFT directly. 

[0003] The approach of it irradiating laser light, once the approach for forming the 
semi-conductor film which has the crystal structure forms the amorphous 
semiconductor film, and crystallizing, and the approach of heat-treating and 
crystallizing using an electric heat furnace are used. However, the semi- 
conductor film produced by such approach consists of much crystal grain, 



orientation of the crystal orientation cannot be carried out in the arbitrary 
directions, and it cannot control it in them. Therefore, as compared with the semi- 
conductor of a single crystal, migration of a carrier is not performed smoothly, but 
it has become the factor which restricts the electrical characteristics of TFT. 
[0004] On the other hand, the technique indicated by JP,7-183540,A is a 
technique of adding metallic elements, such as nickel, and crystallizing the silicon 
semi-conductor film, and it is known that it is effective in reducing the 
temperature which the metal origin concerned serves as a catalyst so to speak, 
and promotes crystallization, and is needed for it. Furthermore, it is possible not 
only it but to raise the stacking tendency of crystal orientation. It is known that 
they are a kind chosen from Fe, nickel, Co, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au as 
an element with a catalysis or two or more sorts. 

[0005] However, because adds a metallic element (here, it is called a catalyst 
element including all) with a catalysis, the metallic element concerned remains in 
the inside of the film of the semi-conductor film, or a film front face, and problems, 
such as making the electrical characteristics of TFT vary etc., are on it. For 
example, the OFF state current of TFT increases and there are problems, such 
as varying between each components. That is, the metallic element which has a 
catalysis to crystallization serves as a rather unnecessary existence, once the 
crystalline substance semi-conductor film will be formed. 
[0006] The gettering technique using phosphorus makes it possible to remove 
the metallic element added for crystallization from the specific field of the semi- 
conductor film to whenever [ stoving temperature / of about 500 degrees C ]. For 
example, it is possible to remove easily the metallic element added from the 
component formation field for crystallization by adding Lynn to the source drain 
field of TFT, and performing 450-700-degree C heat treatment. An example of 
such a technique is indicated by patent No. 3032801. 

[0007] By the way, the extrinsic gettering which gives space [ distortion ] and a 
chemical operation from the exterior to a silicon wafer, and gives the gettering 
effectiveness to a gettering technique, and the in thorin chic gettering using the 



space [ distortion ] of a lattice defect where the oxygen generated inside the 
wafer involves are known. The approach of doing a mechanical damage to the 
rear face (field of the opposite side which forms a component) of a silicon wafer, 
the approach of forming the polycrystalline silicon film, the approach of diffusing 
Lynn, etc. are learned by extrinsic gettering. Moreover, the gettering technique 
performed by forming space [ distortion ] according to the secondary lattice 
defect formed of the ion implantation is also known. These techniques develop 
as a manufacturing technology of a large-scale integrated circuit which used the 
single crystal silicon substrate, and result by the end of today, and use of the 
wafer of silicon is developed also including an element experiential as a premise. 
Anyway, gettering is making it move with a certain energy, and making a 
predetermined field (gettering site) carry out accumulation of the metal impurity 
contained in a semi-conductor, and reduces the metal high impurity 
concentration of a component formation field (gettering-ed field). 
[0008] 

[Problem(s) to be Solved by the Invention] Phosphorus is an element which is 
used by many semiconductor devices in order to form a n-type-semiconductor 
field as a donor, and is known as a dopant. Therefore, the gettering using 
phosphorus can be included in the production process of TFT comparatively 
easily. The gettering using phosphorus makes it possible to remove the metallic 
element which is heat-treatment of about 4 hours and was introduced into the 
semi-conductor film at 550 degrees C for crystallization of silicon, however 
therefore, three or more 1x1020-/cm, the concentration of the phosphorus which 
must be added on the semi-conductor film is 1x1021-/cm3, and had preferably 
the trouble that the processing time which doping takes increased. Furthermore, 
addition of the phosphorus by ion-implantation or the ion doping method (on 
these specifications, the approach of not performing mass separation of the ion 
to pour in is pointed out and said) brought about amorphous-ization of the semi- 
conductor film, and addition of high-concentration phosphorus made subsequent 
recrystallization difficult. 



[0009] This invention is a means for solving such a problem, and it aims at 
offering the technique of removing effectively the metallic element concerned 
which remains on the semi-conductor film obtained using the metallic element 
which has a catalysis to crystallization of the semi-conductor film. 
[0010] 

[Means for Solving the Problem] In order to remove the catalyst element used for 
crystallization of the semi-conductor film with which this invention has amorphous 
structure in order to solve the above-mentioned problem, the field or semi- 
conductor film which added the rare-gas element is formed, a catalyst element is 
moved there, and it is characterized by completing gettering. 
[001 1] Specifically the production approach of the semiconductor device of this 
invention The process which forms the 1st semi-conductor film which uses silicon 
as a principal component at the substrate which has an insulating front face, and 
has amorphous structure, The catalyst element which promotes crystallization of 
silicon on said 1st semi-conductor film is added. The process which forms the 1st 
semi-conductor film which has the crystal structure by 1st heat-treatment, The 
process which forms a barrier layer in the front face of the 1st semi-conductor 
film which has said crystal structure, A rare-gas element is added said 
membrane formation and coincidence, or after that on the process which forms 
the 2nd semi-conductor film on said barrier layer, and said 2nd semi-conductor 
film. The process which the 2nd heat-treatment performs [ process ] gettering 
and moves said catalyst element to said 2nd semi-conductor film, the process 
which removes said 2nd semi-conductor film, and the process which removes 
said barrier layer are included. 

[0012] Or the process which forms the 1st semi-conductor film which uses silicon 
as a principal component at the substrate which has an insulating front face, and 
has amorphous structure, The catalyst element which promotes crystallization of 
silicon on said 1st semi-conductor film is added. The process which forms the 1st 
semi-conductor film which has the crystal structure by 1st heat-treatment, The 
process which irradiates the 1st semi-conductor film laser light which has said 



crystal structure, The process which forms a barrier layer in the front face of the 
1st semi-conductor film which has said crystal structure, A rare-gas element is 
added said membrane formation and coincidence, or after that on the process 
which forms the 2nd semi-conductor film on said barrier layer, and said 2nd 
semi-conductor film. The process which the 2nd heat-treatment performs 
[ process ] gettering and moves said catalyst element to said 2nd semi-conductor 
film, the process which removes said 2nd semi-conductor film, and the process 
which removes said barrier layer are included. 

[0013] Or the process which forms the 1st semi-conductor film which uses silicon 
as a principal component at the substrate which has an insulating front face, and 
has amorphous structure, The catalyst element which promotes crystallization of 
silicon on said 1st semi-conductor film is added. The process which forms the 1st 
semi-conductor film which has the crystal structure by 1st heat-treatment, The 
process which forms a barrier layer in the front face of the 1st semi-conductor 
film which has said crystal structure, A rare-gas element is added said 
membrane formation and coincidence, or after that on the process which forms 
the 3rd semi-conductor film on said barrier layer, and said 2nd semi-conductor 
film. The process which the 2nd heat-treatment performs [ process ] gettering 
and moves said catalyst element to said 2nd semi-conductor film, the process 
which removes said 2nd semi-conductor film, the process which removes said 
barrier layer, and the process which irradiates laser light at the 1st semi- 
conductor film which has said crystal structure are included. 
[0014] Or the process which forms the 1st semi-conductor film which uses silicon 
as a principal component at the substrate which has an insulating front face, and 
has amorphous structure, The process which adds the catalyst element which 
promotes crystallization of silicon on the 1st semi-conductor film which has said 
amorphous structure, The process which forms a barrier layer in the front face of 
the 1st semi-conductor film which has said amorphous structure, A rare-gas 
element on the process which forms the 2nd semi-conductor film on said barrier 
layer, and said 2nd semi-conductor film by said membrane formation and 



coincidence or the process added after that, and heat-treatment The process 
which moves said catalyst element to said 2nd semi-conductor film while forming 
the 1st semi-conductor film which is made to crystallize the 1st semi-conductor 
film which has said amorphous structure, and has the crystal structure, The 
process which removes said 2nd semi-conductor film, the process which 
removes said barrier layer, and the process which irradiates laser light at the 1st 
semi-conductor film which has said crystal structure are included. 
[0015] Or the process which adds the catalyst element which promotes 
crystallization of silicon on an insulating front face, The process which forms the 
1st semi-conductor film which uses silicon as a principal component at the 
substrate which has said insulating front face, and has amorphous structure, The 
process which forms a barrier layer in the front face of the 1st semi-conductor 
film which has said amorphous structure, A rare-gas element on the process 
which forms the 2nd semi-conductor film on the 1st semi-conductor film which 
has said amorphous structure, and said 2nd semi-conductor film by said 
membrane formation and coincidence or the process added after that, and heat- 
treatment The process which moves said catalyst element to said 2nd semi- 
conductor film while forming the 1st semi-conductor film which is made to 
crystallize the 1st semi-conductor film which has said amorphous structure, and 
has the crystal structure, The process which removes said 2nd semi-conductor 
film, the process which removes said barrier layer, and the process which 
irradiates laser light at the 1st semi-conductor film which has said crystal 
structure are included. 

[0016] Said barrier layer irradiates ultraviolet rays in the ambient atmosphere 
which includes a front face for oxidation or oxygen by the oxidation by the ozone 
water like chemical oxide, or plasma treatment, generates ozone, oxidizes and 
should just form a front face. Moreover, the silicon oxide film etc. may be formed 
by the sputtering method or the plasma-CVD method. 

[0017] The rare-gas element added in order to form a gettering site uses a kind 
chosen from helium, Ne, Ar, Kr, and Xe, or two or more sorts. And these rare-gas 



element is incorporated by coincidence, when adding by ion-implantation or the 
ion doping method or forming said 2nd semi-conductor film. 
[0018] moreover, LRTA which performs 1st heat-treatment for crystallizing by 
radiation from a kind or two or more sorts chosen from a halogen lamp, a metal 
halide lamp, the xenon arc lamp, the carbon arc lamp, the high-pressure sodium 
lamp, and the high-pressure mercury lamp - GRTA using inert gas, such as law 
or nitrogen, and an argon, as a heating medium - it carries out by adopting law 
or adopting the furnace annealing method using an electric heat furnace. 
[0019] moreover, LRTA which performs 1st heat-treatment for performing 
gettering by radiation from a kind or two or more sorts chosen from a halogen 
lamp, a metal halide lamp, the xenon arc lamp, the carbon arc lamp, the high- 
pressure sodium lamp, and the high-pressure mercury lamp - GRTA using inert 
gas, such as law or nitrogen, and an argon, as a heating medium - it carries out 
by adopting law or adopting the furnace annealing method using an electric heat 
furnace. 

[0020] It is characterized by for the semiconductor device of this invention 
obtained by such production approach having the semi-conductor film which has 
the crystal structure on an insulating front face, and for the concentration of the 
oxygen contained in said semi-conductor film being three or less 5x1018-/cm, 
and having the field where the rare gas element is contained by the 
concentration of 1x1013 to 1x1020-/cm3 [ near said semi-conductor film the 
interior or near the front face ]. 

[0021] Moreover, other configurations are cylindrical or thin flat cylindrical 
crystals with said thin semi-conductor film in the semiconductor device which has 
the semi-conductor film which has the crystal structure on an insulating front face, 
the concentration of the oxygen contain in said semi-conductor film is three or 
less 5x1018-/cm, and the rare gas element is characterize by to have the field 
include by the concentration of 1x1013 to 1x1020-/cm3 [ near said semi- 
conductor film the interior or near the front face ]. 

[0022] In the semiconductor device which has the semi-conductor film with which 



other configurations have the crystal structure on an insulating front face, gate 
dielectric film, and a gate electrode moreover, said semi-conductor film In the 
field which laps with said gate electrode, oxygen is included by three or less 
5x1018-/cm concentration, and it sets the interior of said semi-conductor film, or 
near the interface with said gate dielectric film. The rare-gas element is 
characterized by having the field included by the concentration of 1x1013 to 
1x1020-/cm3. 

[0023] In the semiconductor device which has the semi-conductor film with which 
other configurations have the crystal structure on an insulating front face, gate 
dielectric film, and a gate electrode moreover, said semi-conductor film In the 
field which is a thin cylindrical or thin flat cylindrical crystal, and laps with said 
gate electrode It is characterized by having the field where oxygen is included by 
three or less 5x1018-/cm concentration, and the rare-gas element is contained 
[ the interior of said semi-conductor film, or near the interface with said gate 
dielectric film ] by the concentration of 1x1013 to 1x1020-/cm3. 
[0024] 

[Embodiment of the Invention] With reference to a drawing, the gestalt of 
operation of this invention is explained to a detail below the [gestalt 1 of 
operation]. Drawing 1 is drawing explaining 1 operation gestalt of this invention, 
and after it adds the metallic element which has a catalysis all over the semi- 
conductor film which has amorphous structure on the whole surface and 
crystallizes, it is the approach of performing gettering. 

[0025] In drawing 1 (A), although there is no special limitation of 100 substrate in 
the quality of the material, barium borosilicate glass, alumino borosilicate glass, 
or a quartz can be used preferably. An inorganic insulator layer is formed in the 
front face of a substrate 100 by the thickness of 10-200nm as a blocking layer 
101. An example of a suitable blocking layer is an oxidation silicon nitride film 
produced by the plasma-CVD method, and applies what formed in the thickness 
of 50nm SiH4, NH3, and the 1st oxidation silicon nitride film produced from N20, 
and formed in the thickness of 100nm the 2nd oxidation silicon nitride film 



produced from SiH4 and N20. Omitting is also possible when preparing since the 
alkali metal contained in a glass substrate does not diffuse the blocking layer 101 
in the semi-conductor film formed in this upper layer, and using a quartz as a 
substrate. 

[0026] The semiconductor material which uses silicon as a principal component 
is used for the semi-conductor film (1st semi-conductor film) 102 which has the 
amorphous structure formed on the blocking layer 101. Typically, the amorphous 
silicon film or the amorphous silicon germanium film is applied, and it forms in the 
thickness of 10-100nm by the plasma-CVD method, or a reduced pressure CVD 
method or the sputtering method. In order to obtain a good crystal, it is good to 
make three or less 5x1018-/cm reduce the high impurity concentration of the 
oxygen contained in the semi-conductor film 102 which has amorphous structure, 
nitrogen, etc. These impurities become the factor which it becomes [ factor ] the 
factor which blocks crystallization of an amorphous semiconductor, and makes 
the consistency of a trapping center or a recombination center increase after 
crystallization, therefore, the thing for which the ingredient gas of a high grade is 
used -- from the first - the mirror plane processing in a reaction chamber 
(electric-field polish processing), and oil - it is desirable to use the CVD system 
corresponding to the ultra-high vacuum equipped with the free evacuation 
system. 

[0027] Then, the metallic element which has the catalysis which promotes 
crystallization in the front face of the semi-conductor film 102 which has 
amorphous structure is added. As a metallic element with the catalysis which 
promotes crystallization of the semi-conductor film, it is iron (Fe), nickel (nickel), 
cobalt (Co), a ruthenium (Ru), a rhodium (Rh), palladium (Pd), an osmium (Os), 
iridium (Ir), platinum (Pt), copper (Cu), gold (Au), etc., and a kind chosen from 
these or two or more sorts can be used. Typically, using nickel, the nickel acetate 
salting in liquid which contains 1-100 ppm nickel by weight conversion is applied 
by the spinner, and the catalyst content layer 103 is formed. In this case, in order 
to improve familiarity in the solution concerned, after forming a very thin oxide 



film in an ozone content water solution as surface treatment of the semi- 
conductor film 102 which has amorphous structure, etching that oxide film with 
the mixed liquor of fluoric acid and hydrogen peroxide solution and forming the 
clean surface, it processes in an ozone content water solution again, and the 
very thin oxide film is formed. Since the front face of semi-conductor film, such as 
silicon, is originally hydrophobicity, nickel acetate salting in liquid can be applied 
to homogeneity by forming the oxide film in this way. 
[0028] Of course, the catalyst content layer 103 is not limited to such an 
approach, but may be formed by the sputtering method, vacuum deposition, 
plasma treatment, etc. Moreover, before the catalyst content layer 103 forms the 
semi-conductor film 102 which has amorphous structure, it may be formed on the 
blocking layer 101. 

[0029] Heat-treatment for crystallization is performed with the condition held of 
having contacted the semi-conductor film 102 and the catalyst content layer 103 
which have amorphous structure, the moment of using the furnace annealing 
method using an electric heat furnace as the approach of heat-treatment, a 
halogen lamp, a metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high- 
pressure sodium lamp, a high-pressure mercury lamp, etc. - heat annealing 
(Rapid Thermal Annealing) -- law (LRTA law) is adopted. Or the moment heat 
annealing method (GRTA law) of a gas heating method is adopted, if productivity 
is taken into consideration - LRTA -- law or GRTA - it is thought desirable to 
adopt law. 

[0030] LRTA - in carrying out by law, the source of a lamp light for heating is 
made to turn on for 30 to 60 seconds preferably for 1 to 60 seconds, and it 
repeats it 2 to 6 times preferably 1 to 10 times. Although luminescence 
reinforcement of the source of a lamp light is made into arbitrary things, 600- 
1000 degrees C of semi-conductor film are momentarily heated by about 650- 
750 degrees C preferably. Even if it becomes such an elevated temperature, it is 
[ that the semi-conductor film is only heated momentarily and ], and it does not 
deform [ itself is distorted and ] a substrate 100. In this way, the semi-conductor 



film which has amorphous structure is crystallized, and although the semi- 
conductor film (1st semi-conductor film) 104 which has the crystal structure 
shown in drawing 1 (B) can be obtained, it can be begun and attained by 
preparing a catalyst content layer that it can crystallize by such processing. 
[0031] When using the furnace annealing method as the other approaches, heat- 
treatment of about 1 hour is performed at 500 degrees C, and the hydrogen 
which the semi-conductor film 102 which has amorphous structure contains is 
made to emit in advance of heat-treatment. And 550-600 degrees C crystallizes 
by performing heat-treatment of 4 hours at 580 degrees C preferably in nitrogen- 
gas-atmosphere mind using an electric heat furnace. In this way, the semi- 
conductor film (1st semi-conductor film) 104 which has the crystal structure 
shown in drawing 1 (B) is formed. 

[0032] In order to repair the defect which furthermore raises the rate of 
crystallization (the crystal component occupy to per the whole film product or 
area comparatively), and is leave behind in crystal grain, it is also effective to 
irradiate the laser light of continuous oscillation or a pulse oscillation to the semi- 
conductor film 104 which has the crystal structure as drawing 1 (C) shows. The 
2nd higher harmonic of excimer laser light with a wavelength of 400nm or less, 
the YAG laser which is solid state laser, YV04 laser, YAI03 laser, or YLF laser, 
and the 3rd higher harmonic are used for laser. Continuous-wave-laser light 
condenses a line or in the shape of an ellipse, and irradiates the 2nd higher 
harmonic of above-mentioned solid state laser, and the 3rd higher harmonic. 
[0033] When using YV04 laser of a continuous-oscillation mold, it changes into 
the 2nd higher harmonic wave by the wavelength sensing element, and the 
energy beam of 10W is scanned at the rate of 1 - 100 cm/sec, and it is made to 
crystallize. 

[0034] When using the excimer laser of a pulse oscillation, using pulse laser light 
with a repeat frequency of about 10-1000Hz, the laser light concerned is 
condensed to 100 - 400 mJ/cm2 in optical system, and the lasing to the semi- 
conductor film 104 which has the crystal structure with 90 - 95% of rate of 



overlap may be performed. 

[0035] Thus, the catalyst element (here nickel) remains on the semi-conductor 
film (1st semi-conductor film) 105 which has the crystal structure acquired, it is 
uniformly distributed in the film - **** carry out - it remains by average 
concentration, then the concentration exceeding 1x1019-/cm3. Of course, 
although it is possible to begin TFT and to form various semiconductor devices 
also in such the condition, gettering removes the element concerned by the 
approach shown henceforth. 

[0036] First, the thin barrier layer 106 is formed in the front face of the semi- 
conductor film 105 which has a crystal structure as shown in drawing 1 (D). 
Although especially the thickness of a barrier layer is not limited, the chemical 
oxide formed by processing with ozone water simple may be substituted for it. 
Moreover, even if it processes in the water solution which mixed hydrogen 
peroxide solution with the sulfuric acid, the hydrochloric acid, the nitric acid, etc., 
chemical oxide can be formed similarly. As other approaches, ozone is 
generated by the plasma treatment in the inside of an oxidizing atmosphere, and 
the UV irradiation in the inside of an oxygen content ambient atmosphere, and 
oxidation treatment may be performed. Moreover, using clean oven, it heats at 
about 200-350 degrees C, a thin oxide film is formed, and it is good also as a 
barrier layer. Or an about 1-5nm oxide film is deposited with a plasma-CVD 
method, the sputtering method, vacuum deposition, etc., and it is good also as a 
barrier layer. 

[0037] The semi-conductor film (2nd semi-conductor film) 107 is formed by the 
thickness of 25-250nm by the plasma-CVD method or the RF-sputtering method 
on it. Typically, the amorphous silicon film is chosen. What is considered as the 
film with a low consistency is desirable in order to make high the selection ratio of 
the semi-conductor film 105 which has a crystal structure, and etching, since this 
semi-conductor film 107 is removed behind. 25-40 atom % For example, in 
forming the amorphous silicon film by the plasma-CVD method, it includes 
hydrogen in the film, using substrate temperature as about 100-200 degrees C. 



Hydrogen can be included in the film so much by carrying out a spatter by the 
mixed gas of an argon and hydrogen, it being also the same as when adopting 
the sputtering method, and using substrate temperature as 200 degrees C or 
less. Moreover, if the rare-gas element is made to add by the sputtering method 
or the plasma-CVD method at the time of membrane formation, coincidence can 
be made to incorporate a rare-gas element in the film. In this way, a gettering site 
can be formed even if it has the rare-gas element incorporated. 
[0038] Then, with the ion doping method or ion-implantation, it adds so that a 
rare-gas element may be contained in the semi-conductor film 107 by the 
concentration of 1x1020 to 2.5x1 022-/cm3. Although acceleration voltage is 
made into arbitrary things, the ion of rare gas poured in since it is a rare-gas 
element may pass through the semi-conductor film 107 and the barrier layer 106, 
and it may reach even the semi-conductor film 105 with which a part has the 
crystal structure. Since a rare-gas element is inactive in itself in the semi- 
conductor film, even if it has the field included [ near the front face of the semi- 
conductor film 105 ] by about three 1x1013 to 1x1020-/cm concentration, it is so 
much uninfluential in a component property. 

[0039] A kind chosen from helium (helium), neon (Ne), the argon (Ar), the krypton 
(Kr), and the xenon (Xe) as a rare-gas element or two or more sorts are used. It 
has the description to pour [ this invention uses these rare-gas element as the 
ion source, in order to form a gettering site, and ] it into the semi-conductor film 
with the ion doping method or ion-implantation. There is two semantics which 
pours in the ion of these rare-gas element. One is forming a dangling bond by 
impregnation and giving distortion to the semi-conductor film, and other one is 
giving distortion by pouring in the ion concerned between the grids of the semi- 
conductor film. Although impregnation can fill the ion of inert gas for these both to 
coincidence, especially the latter is notably obtained, when an element with a 
bigger atomic radius than silicon, such as an argon (Ar), a krypton (Kr), and a 
xenon (Xe), is used. 

[0040] It is necessary to carry out the afterbaking processing for finishing 



gettering certainly, heat-treatment - the furnace annealing method and LRTA 
law or GRTA - it carries out by law. In carrying out by the furnace annealing 
method, it performs heat-treatment of 0.5-12 hours at 450-600 degrees C in 
nitrogen-gas-atmosphere mind. Moreover, in using the LRTA method, the source 
of a lamp light for heating is made to turn on for 30 to 60 seconds preferably for 1 
to 60 seconds, and it repeats it 2 to 6 times preferably 1 to 10 times. Although 
luminescence reinforcement of the source of a lamp light is made into arbitrary 
things, 600-1000 degrees C of semi-conductor film are momentarily heated by 
about 700-750 degrees C preferably. 

[0041] The catalyst element in a gettering-ed field (capture site) is emitted by 
heat energy, and moves gettering to a gettering site by diffusion. Therefore, 
gettering will progress for a short time, so that gettering is an elevated 
temperature more depending on processing temperature. As an arrow head 
shows drawing 1 (E), the direction to which a catalyst element moves is the 
distance of thickness extent of the semi-conductor film, and gettering is 
completed comparatively for a short time, the case where the upper limit of 
processing temperature is performed by the furnace annealing method when the 
thermal resistance of a substrate and the rare-gas element contained in the 
semi-conductor film 107 need to take into consideration the temperature from 
which it does not secede thermally and uses a glass substrate - 700 degrees C 
or less and LRTA - law or GRTA - when carrying out by law, it should consider 
as 800 degrees C or less. Of course, when using a quartz substrate, it can also 
heat to 1000 degrees C momentarily. 

[0042] In addition, the semi-conductor film 107 which contains a rare-gas 
element by three or more 1x1020-/cm concentration also by this heat-treatment 
is not crystallized. A rare-gas element is not re-emitted in the range of the above- 
mentioned processing temperature, but this remains in the film, and is 
considered to be for checking crystallization of the semi-conductor film. 
[0043] Then, an amorphous semiconductor 107 is etched alternatively and 
removed. It can carry out by the wet etching by alkali solutions, such as dry 



etching which does not use the plasma by CIF3 as the approach of etching or a 
hydrazine, and a water solution containing tetraethylammonium hydroxide 
(chemical formula (CH3) 4 NOH). At this time, the barrier layer 106 functions as 
an etching stopper. Moreover, what is necessary is for fluoric acid just to remove 
the barrier layer 106 after that. 

[0044] In this way, the semi-conductor film 108 which has the crystal structure 
from which the concentration of a catalyst element was subtracted by three or 
less 1x1017-/cm as shown in drawing 1 (F) can be obtained. In this way, the 
semi-conductor film 108 which has the formed crystal structure is formed as a 
thin cylindrical or thin flat cylindrical crystal of an operation of a catalyst element, 
and if it looks at the crystal macroscopically in each, it will grow with a certain 
specific directivity. The semi-conductor film 108 which has such the crystal 
structure is applicable not only to the barrier layer of TFT but the photo-electric- 
conversion layer of photosensor or a solar battery. Moreover, it is also applicable 
to the gettering processing to the semi-conductor layer of SOI (Silicon on 
Insulator) structure. 

[0045] [Gestalt 2 of operation] drawing 1 1 is drawing explaining 1 operation 
gestalt of this invention, after it forms the semi-conductor film which has the 
crystal structure by heat-treatment, performs gettering and explains how to raise 
crystallinity by the exposure of further strong light, such as laser light. In addition, 
drawing 1 1 explains using the sign which is common in drawing 1 used for 
explanation in the gestalt 1 of operation. 

[0046] Drawing 1 1 (A) and drawing 1 1 (B) are the same processes as the gestalt 
1 of operation, and after they form the blocking layer 101, the semi-conductor film 
102 which has amorphous structure, and the layer 103 containing a catalyst 
element on a substrate 100, they form the semi-conductor film 104 which has the 
crystal structure by heat-treatment. 

[0047] Then, as shown in drawing 1 1 (C), the barrier layer 106 is formed in the 
front face of the semi-conductor film (1st semi-conductor film) 104 which has a 
crystal structure, and the semi-conductor film 107 is formed further. On the semi- 



conductor film 107, a rare-gas element is added so that it may be contained by 
ion-implantation or the ion doping method by the concentration of 1x1020 to 
2.5x1 022-/cm3. 

[0048] and it is shown in drawing 1 1 (D) - as - heat-treatment - the furnace 
annealing method and LRTA - law or GRTA - it carries out by law. In carrying 
out by the furnace annealing method, it performs heat-treatment of 0.5-12 hours 
at 450-600 degrees C in nitrogen-gas-atmosphere mind. Moreover, in using the 
LRTA method, the source of a lamp light for heating is made to turn on for 30 to 
60 seconds preferably for 1 to 60 seconds, and it repeats it 2 to 6 times 
preferably 1 to 10 times. Although luminescence reinforcement of the source of a 
lamp light is made into arbitrary things, 600-1000 degrees C of semi-conductor 
film are momentarily heated by about 700-750 degrees C preferably. Moreover, 
gettering can be performed even if it irradiates the 2nd higher harmonic 
(wavelength of 532nm) of the YAG laser of continuous oscillation or a pulse 
oscillation, YLF laser, and YV04 laser. The catalyst element in a capture site is 
emitted by heat energy, and moves gettering to a gettering site by diffusion. 
Therefore, gettering will progress for a short time, so that gettering is an elevated 
temperature more depending on processing temperature. As an arrow head 
shows drawing 1 1 (D), the direction to which a catalyst element moves is the 
distance of thickness extent of the semi-conductor film, and gettering is 
completed comparatively for a short time. 

[0049] In addition, the semi-conductor film (2nd semi-conductor film) 107 which 
contains a rare-gas element by three or more 1x1020-/cm concentration is not 
crystallized by this heat-treatment, either. A rare-gas element is not re-emitted in 
the range of the above-mentioned processing temperature, but this remains in 
the film, and is considered to be for checking crystallization of the semi-conductor 
film. 

[0050] Then, the semi-conductor film 107 is etched alternatively and removed. It 
can carry out by the wet etching by alkali solutions, such as dry etching which 
does not use the plasma by CIF3 as the approach of etching or a hydrazine, and 



a water solution containing tetraethylammonium hydroxide (chemical formula 
(CH3) 4 NOH). At this time, the barrier layer 106 functions as an etching stopper. 
Moreover, what is necessary is for fluoric acid just to remove the barrier layer 
106 after that. 

[0051] In order to repair the defect which furthermore raises the rate of 
crystallization (the crystal component in the whole film product comparatively), 
and is left behind in crystal grain, it is also effective to irradiate laser light to the 
semi-conductor film 104 which has the crystal structure as drawing 1 1 (E) shows. 
Excimer laser light with a wavelength of 400nm or less, the 2nd higher harmonic 
of an YAG laser, and the 3rd higher harmonic are used for laser. Anyway, using 
pulse laser light with a repeat frequency of about 10-1000Hz, the laser light 
concerned is condensed to 100 - 400 mJ/cm2 in optical system, it irradiates with 
90 - 95% of rate of overlap, and the semi-conductor film 1 1 1 which has the 
crystal structure is formed. 

[0052] It is drawing explaining 1 operation gestalt of this invention, and [gestalt 3 
of operation] drawing 14 is the approach of performing gettering to coincidence 
while it adds the metallic element which has a catalysis all over the semi- 
conductor film which has amorphous structure on the whole surface and 
crystallizes. 

[0053] First, as shown in drawing 14 (A), the catalyst element content layer 302 
is formed on the blocking layer 301. This may apply the water solution or the 
alcoholic liquid containing a catalyst element by the spinner, and may form it by 
the sputtering method, vacuum deposition, plasma treatment, etc. 
[0054] Then, the semi-conductor film (1st semi-conductor film) 303 which has 
amorphous structure as shown in drawing 14 (B) is formed in the thickness of 10- 
100nm by the plasma-CVD method, or a reduced pressure CVD method or the 
sputtering method. Furthermore, the barrier layer 304 is formed. These formation 
approaches are made to be the same as that of the gestalt 1 of operation. 
[0055] As drawing 14 (C) shows, the semi-conductor film (2nd semi-conductor 
film) 305 is formed by the thickness of 25-250nm by the plasma-CVD method or 



the sputtering method on it. Typically, the amorphous silicon film is chosen. Since 
this semi-conductor film 305 is removed behind too, what is considered as the 
film with a low consistency is desirable. 

[0056] Then, with the ion doping method or ion-implantation, it adds so that a 
rare-gas element may be contained in the semi-conductor film 305 by the 
concentration of 1x1020 to 2.5x1 022-/cm3. Although acceleration voltage is 
made into arbitrary things, the ion of rare gas poured in since it is a rare-gas 
element may pass through the semi-conductor film 305 and the barrier layer 304, 
and it may reach even the semi-conductor film 303 with which a part has 
amorphous structure. Since a rare-gas element is inactive in itself in the semi- 
conductor film, even if it has the field included [ near the front face of the semi- 
conductor film 303 concerned ] by about three 1x1018 to 1x1020-/cm 
concentration, it is so much uninfluential in a component property. 
[0057] And as shown in drawing 14 (D), it heat-treats. LRTA using the furnace 
annealing method using an electric heat furnace as the approach of heat- 
treatment, a halogen lamp, a metal halide lamp, a xenon arc lamp, a carbon arc 
lamp, a high-pressure sodium lamp, a high-pressure mercury lamp, etc. -- it 
carries out by law. or GRTA using nitrogen, an argon, etc. as a heating medium - 
- it carries out by law. 

[0058] LRTA - in carrying out by law, the source of a lamp light for heating is 
made to turn on for 30 to 60 seconds preferably for 1 to 60 seconds, and it 
repeats it 2 to 6 times preferably 1 to 10 times. Although luminescence 
reinforcement of the source of a lamp light is made into arbitrary things, 600- 
1000 degrees C of semi-conductor film are momentarily heated by about 650- 
750 degrees C preferably. Even if it becomes such an elevated temperature, it is 
[ that the semi-conductor film is only heated momentarily and ], and it does not 
deform [ itself is distorted and ] a substrate 100. Moreover, when using the 
furnace annealing method, heat-treatment of about 1 hour is performed at 500 
degrees C, and the hydrogen which the semi-conductor film 303 which has 
amorphous structure contains is made to emit in advance of heat-treatment. And 



550-600 degrees C crystallizes by performing heat-treatment of 4 hours at 580 
degrees C preferably in nitrogen-gas-atmosphere mind using an electric heat 
furnace. 

[0059] By this heat-treatment, while a catalyst element oozes out on the semi- 
conductor film 303 which has amorphous structure and crystallizes it, it is spread 
toward the semi-conductor film 305 (the direction of the arrow head 307 of 
drawing 14 (D)). Thereby, crystallization and gettering are performed to 
coincidence by one heat-treatment. 

[0060] Then, the semi-conductor film 305 is etched alternatively and removed. It 
can carry out by the wet etching by alkali solutions, such as dry etching which 
does not use the plasma by CIF3 as the approach of etching or a hydrazine, and 
a water solution containing tetraethylammonium hydroxide (chemical formula 
(CH3) 4 NOH). At this time, the barrier layer 304 functions as an etching stopper. 
Moreover, what is necessary is for fluoric acid just to remove the barrier layer 
304 after that. 

[0061] The semi-conductor film (1st semi-conductor film) 306 which has the 
crystal structure from which the concentration of a catalyst element was 
subtracted by three or less 1x1017-/cm as shown in drawing 14 (E) can be 
obtained. In order to raise the crystallinity of the semi-conductor film 306 which 
has this crystal structure, laser light may be irradiated like the gestalt 1 of 
operation. 

[0062] In this way, the semi-conductor film 306 which has the crystal structure 
formed is formed as a thin cylindrical or thin flat cylindrical crystal of an operation 
of a catalyst element, and if it looks at the crystal macroscopically in each, it will 
grow with a certain specific directivity. The semi-conductor film 306 which has 
such the crystal structure is applicable not only to the barrier layer of TFT but the 
photo-electric-conversion layer of photosensor or a solar battery. 
[0063] In the gestalt 1 of the [gestalt 4 of operation] operation, or 2, after forming 
the semi-conductor film 102 which has a blocking layer and amorphous structure 
in a substrate 101, as shown in drawing 2 , the thin barrier layer 109 may be 



formed in the front face of the semi-conductor film 1 02 which has amorphous 
structure, and a 1x1016 - about three 1x1018-/cm acceptor or a donor may be 
added with the ion doping method or ion-implantation. This can be applied when 
controlling [ for example, ] the threshold electrical potential difference of TFT for 
the purpose of valence-electron control of the semi-conductor film after the semi- 
conductor film 102 which has amorphous structure crystallizes. 
[0064] What is necessary is just to form after that the semi-conductor film which 
has the crystal structure like a gestalt 1 or 2 in operation. Or what is necessary is 
to perform the process after drawing 14 (B) as well as the gestalt 3 of operation, 
and just to form the semi-conductor film which has the crystal structure. 
[0065] In the gestalt 1 of the [gestalt 5 of operation] operation thru/or 3, as shown 
in drawing 3 , after forming the semi-conductor film which has the crystal 
structure, a 1x1016 - about three 1x1018-/cm acceptor or a donor may be added 
with the ion doping method or ion-implantation. This can be applied when 
controlling the threshold electrical potential difference of TFT like the gestalt 4 of 
operation for the purpose of valence-electron control of the semi-conductor film 
which has the crystal structure. 

[0066] The impurity element of one conductivity type added here is activable at 
400-600 degrees C with heat-treatment, and can be operated as an acceptor or a 
donor. 

[0067] <BR> [Example] TFT (the n channel mold TFT and p channel mold TFT) 
of the drive circuit prepared on the same substrate around the pixel section and 
the pixel section using [example 1] this invention is explained using drawing 4 
thru/or drawing 8 , and drawing 10 about an example of the approach of 
producing to coincidence. 

[0068] In drawing 4 (A), a substrate 201 can use a glass substrate, a quartz 
substrate, a ceramic substrate, etc. Moreover, the thing in which the insulator 
layer was formed on the front face of a silicon substrate, a metal substrate, or a 
stainless steel substrate may be used. When using a glass substrate, that whose 
thickness is 0.5-1. 1mm is adopted, but if it aims at lightweight-ization, it is 



necessary to make thickness thin. Furthermore, it is desirable to adopt what has 
specific gravity small in cc and 2.37g /for attaining lightweight-ization. 
[0069] And as shown in drawing 4 (A), the blocking layer 202 which consists of 
insulator layers, such as silicon oxide film, a silicon nitride film, or an oxidization 
silicon nitride film (SiOxNy), is formed on a substrate 201 . A typical example 
consists of two-layer structure as a blocking layer 202, and the structure which 
carries out laminating formation of the 2nd oxidation silicon nitride film 202b 
formed considering 50-1 OOnm, SiH4, and N20 as reactant gas in 1st oxidation 
silicon nitride film 202a formed considering SiH4, NH3, and N20 as reactant gas 
at the thickness of 100-150nm is adopted. 

[0070] Using the semi-conductor film which has the crystal structure produced by 
the gestalt 1 of operation thru/or either of 5, the semi-conductor film made into a 
barrier layer divides it in the shape of an island, and forms the semi-conductor 
film 203-206. 20-1 OOnm of thickness of this semi-conductor film is preferably set 
to 30-60nm. 

[0071] Subsequently, wrap gate dielectric film 207 is formed for the semi- 
conductor layers 203-206 separated in the shape of an island. Gate dielectric film 
207 is formed by the plasma-CVD method or the sputtering method, and is 
formed by the insulator layer which sets the thickness to 40-150nm, and contains 
silicon. Of course, the insulator layer containing silicon can be used for this gate 
dielectric film as a monolayer or a laminated structure. When using the silicon 
oxide film, 02 can be mixed with TEOS (Tetraethyl Ortho Silicate) by the plasma- 
CVD method, and it can consider as the reaction pressure of 40Pa, and the 
substrate temperature of 300-400 degrees C, it can be made to be able to 
discharge by RF (13.56MHz) power flux density 0.5 - 0.8 W/cm2, and can form. 
Thus, the silicon oxide film produced can acquire a property good as gate 
dielectric film by 400-500-degree C heat annealing after formation. 
[0072] On gate dielectric film 207, laminating formation of the tungsten (W) 209 is 
carried out as tantalum nitride (TaN) 208 and 2nd electric conduction film of 100- 
400nm of thickness as 1st electric conduction film of 20-1 OOnm of thickness. The 



element chosen from Ta, W, Ti, Mo, aluminum, and Cu as a conductive 
ingredient for forming a gate electrode or said element is formed with the alloy 
ingredient or compound ingredient used as a principal component. Moreover, the 
semi-conductor film represented by the polycrystalline silicon film which doped 
impurity elements, such as Lynn, may be used. Moreover, it is good also as a 
combination which forms the 1st electric conduction film by the tantalum (Ta) film, 
and uses the 2nd electric conduction film as W film, which combines, forms the 
1st electric conduction film by the tantalum nitride (TaN) film, and uses the 2nd 
electric conduction film as aluminum film and which combines, forms the 1st 
electric conduction film by the tantalum nitride (TaN) film, and uses the 2nd 
electric conduction film as Cu film. 

[0073] Next, 1st etching processing for forming the mask 210 which consists of a 
resist according to an optical exposure process, as shown in drawing 4 (B), and 
forming a gate electrode and wiring is performed. It is good for etching to use the 
ICP (Inductively Coupled Plasma: inductive-coupling mold plasma) etching 
method. Although there is no limitation in the gas for etching to be used, it is 
suitable for etching of W or TaN to use CF4, and CI2 and 02. It etches by setting 
each gas stream quantitative ratio to 25/25/10 (SCCM), supplying RF 
(13.56MHz) power of 500W to the electrode of a coil mold by the pressure of 1Pa, 
and generating the plasma. RF (13.56MHz) power of 150W is supplied also to a 
substrate side (sample stage), and a negative auto-bias electrical potential 
difference is impressed substantially. W film is etched according to this 1st 
etching condition, and the edge of the 1st conductive layer is made into a taper 
configuration. 

[0074] Then, it changes into the 2nd etching condition, CF4 and CI2 are used for 
the gas for etching, each gas stream quantitative ratio is made into 30/30 
(SCCM), RF (13.56MHz) power of 500W is supplied to the electrode of a coil 
mold by the pressure of 1Pa, the plasma is generated, and etching for about 30 
seconds is performed. RF (13.56MHz) power of 20W is supplied also to a 
substrate side (sample stage), and a negative auto-bias electrical potential 



difference is impressed substantially. On the 2nd etching condition which mixed 
CF4 and CI2, W film and the TaN film are etched to the same extent. In addition, 
in order to etch without leaving residue on gate dielectric film, it is good to make 
etching time increase at about 10 - 20% of a rate. 

[0075] In this 1st etching processing, the edge of the 1st conductive layer and the 
2nd conductive layer serves as a taper configuration according to the 
effectiveness of the bias voltage impressed to a substrate side by having been 
suitable in the configuration of the mask which consists of a resist. The 
conductive layers 211-215 (the 1st conductive layers 21 1a-215a and 2nd 
conductive layer 211b-215b) of the 1st configuration which consists of the 1st 
conductive layer and 2nd conductive layer by this 1st etching processing are 
formed. About 20-50nm of fields which are not covered by the conductive layers 
21 1-215 of the 1st configuration is etched, and gate dielectric film becomes thin. 
[0076] And the 1st n-type-semiconductor field is formed by using the conductive 
layer of the 1st configuration as a mask. The conditions of the ion doping method 
in the 1st doping processing for forming this set a dose to 5x1014 to 5x1015- 
/cm2 (typically 1x1015-/cm2), and dope phosphorus by setting acceleration 
voltage to 60-100keV. Here, an impurity range is performed in each semi- 
conductor layer using the difference of the conductive layers 211-215 of the 1st 
configuration, and the thickness of gate dielectric film. In this way, the 1st n-type- 
semiconductor field 216-219 is formed. Phosphorus is added by this 1st n-type- 
semiconductor field by the density range of 1x1020 to 1x1021-/cm3. 
[0077] Next, as shown in drawing 5 (A), without removing the mask 210 which 
consists of a resist, 2nd etching processing is performed. It etches by using CF4, 
and CI2 and 02 for the gas for etching, setting each gas stream quantitative ratio 
to 20/20/20 (SCCM), supplying RF (13.56MHz) power of 500W to the electrode 
of a coil mold by the pressure of 1 Pa, and generating the plasma. RF 
(13.56MHz) power of 20W is supplied to a substrate side (sample stage), and a 
low auto-bias electrical potential difference is impressed compared with the 1st 
etching processing. W film is etched according to this 3rd etching condition. In 



this way, anisotropic etching of the W film is carried out, and the conductive 
layers 220-224 (the 1st conductive layers 220a-224a and 2nd conductive layer 
220b-224b) of the 2nd configuration are formed. About further 20-50nm of gate 
dielectric film which is not covered by the conductive layers 220-224 of the 2nd 
configuration is etched, and it becomes thin. 

[0078] And 2nd doping processing is performed without removing the mask 
which consists of a resist, and the phosphorus which becomes a semi-conductor 
layer with a donor is added. What is necessary is just to perform doping 
processing with the ion doping method or ion-implantation. The conditions of the 
ion doping method set a dose to 1.5x1 01 4-/cm2, and perform acceleration 
voltage as 60-100keV. In this case, the conductive layers 220b-223b of the 2nd 
configuration serve as a mask to phosphorus, and the 2nd n-type-semiconductor 
field 225-228 is formed in self align. In this field, the impurity element of periodic- 
table 15 groups, such as phosphorus, is added by the density range of 1x1016 to 
1x1018-/cm3. 

[0079] Then, a mask 229 is formed and 3rd etching processing is performed. SF6 
and CI2 are used for the gas for etching, each gas stream quantitative ratio is 
made into 50/10 (SCCM), RF (13.56MHz) power of 500W is supplied to the 
electrode of a coil mold by the pressure of 1.3Pa, the plasma is generated, and 
etching for about 30 seconds is performed. RF (13.56MHz) power of 10W is 
supplied to a substrate side (sample stage), and a negative auto-bias electrical 
potential difference is impressed substantially. In this way, conductive layer 220a 
of the 2nd configuration, and 222a-224a are etched according to said 3rd etching 
condition, and the conductive layers 230-233 (the 1st conductive layers 230a- 
233a and 2nd conductive layer 230b-233b) of the 3rd configuration are formed. 
[0080] Subsequently, as the mask 250 which newly consists of a resist is formed 
and it is shown in drawing 5 (C), 3rd doping processing is performed. Of this 3rd 
doping processing, the 1st p type semiconductor field 234 and 235 is formed. Let 
concentration of the boron added in order to form a p type semiconductor field be 
1.5 to 3 times as high concentration as the phosphorus concentration which is 



1x1020 to 5x1021-/cm3, and was added at the previous process. 
[0081] The semiconductor region of n mold or p mold is formed in each semi- 
conductor layer at the process to the above. The conductive layer 221 of the 2nd 
configuration and the conductive layers 230 and 231 of the 3rd configuration 
serve as a gate electrode. Moreover, in the pixel section, while forms retention 
volume and the conductive layer 232 of the 2nd configuration serves as an 
electrode. Furthermore, the conductive layer 233 of the 3rd configuration forms 
the data line in the pixel section. 

[0082] Subsequently, the 1st interlayer insulation film 237 of a wrap is mostly 
formed for the whole surface. This 1st interlayer insulation film 237 forms 
thickness as 100-200nm using a plasma-CVD method or the sputtering method. 
The suitable example is the oxidation silicon nitride film of 150nm of thickness 
formed by the plasma-CVD method. Of course, the 1st interlayer insulation film 
237 is not limited to an oxidation silicon nitride film, and may use the insulator 
layer containing other silicon as a monolayer or a laminated structure. 
[0083] Then, the process which carries out activation of the impurity element 
added by each semi-conductor layer is performed. The furnace annealing 
method, the LRTA method and the GRTA method, and laser light irradiate this 
activation, and it can be performed more. By the furnace annealing method, 400- 
700 degrees C of heat-treatment of 4 hours are typically performed at 500 
degrees C in nitrogen-gas-atmosphere mind using an electric heat furnace. In 
order to be activated by the exposure of laser light, it irradiates from a substrate 
side using the 2nd higher harmonic (532nm) of an YAG laser. This is for 
activating enough the 2nd n-type-semiconductor field which laps with the 
conductive layer 221 of the 2nd configuration, of course, LRTA for which this 
uses the source of a lamp light - also by law, it is the same and the semi- 
conductor film is heated by radiation of the source of a lamp light from a both- 
sides [ of a substrate ], or substrate side. 

[0084] Then, as shown in drawing 6 (B), the 2nd interlayer insulation film 238 
which consists of silicon nitride by the plasma-CVD method is formed, 410- 



degree C heat treatment is performed using clean oven, and the semi-conductor 
film is hydrogenated from the hydrogen emitted from a silicon nitride film. 
[0085] Subsequently, as shown in drawing 7 (A), the 3rd interlayer insulation film 
239 which consists of an organic insulating material ingredient is formed on the 
2nd interlayer insulation film 238. Subsequently, the contact hole which reaches 
the data line 224, and the contact hole which arrives at each impurity range are 
formed. Then, wiring and a pixel electrode are formed using aluminum, Ti, Mo, W, 
etc. For example, the cascade screen of Ti film of 50-250nm of thickness and the 
alloy film (alloy film of aluminum and Ti) of 300-500nm of thickness is used. In 
this way, the source or the drain wiring 240 and 241 , the gate wiring 243, the 
connection wiring 242, and the pixel electrode 224 are formed. 
[0086] The drive circuit 301 which consists of the p channel mold TFT303 and 
the n channel mold TFT304 on the same substrate as mentioned above, and the 
pixel section 302 which consists of the n channel mold TFT305 can be formed. 
The n channel mold TFT305 has multi-gate structure. Moreover, the semi- 
conductor film 206, gate dielectric film 236, the insulator layer formed in this layer, 
and the auxiliary capacity 306 which consists of a conductive layer 232 of the 3rd 
configuration are formed in the pixel section 302. 

[0087] In the p channel mold TFT303 of the drive circuit 301 , it has the so-called 
single drain structure where the 1st p type semiconductor field 234 (field which 
functions as a source field or a drain field) was formed in the outside of the 
conductive layer 230 of the 3rd configuration which forms the channel formation 
field 245 and a gate electrode. The n channel mold TFT304 has the 1st n-type- 
semiconductor field 217 which functions as the channel formation field 246, the 
2nd n-type-semiconductor field 226 (LDD field) with which a conductive layer 221 
and a part of the 2nd configuration laps, and a source field or a drain field. The 
configuration of such a LDD field aims at mainly preventing degradation of TFT 
by the hot carrier effect. A shift register circuit, a buffer circuit, a level-shifter 
circuit, a latch circuit, etc. can be formed with such the n channel mold TFT and 
the p channel mold TFT. Especially, the structure of the n channel mold TFT304 



is suitable for the buffer circuit where driver voltage is high from the purpose 
which prevents degradation by the hot carrier effect. 
[0088] It has the 1st n-type-semiconductor field 218 which functions on the n 
channel mold TFT305 of the pixel section 302 as the channel formation field 247, 
the 2nd n-type-semiconductor field 227 formed in the outside of the conductive 
layer 231 of the 3rd configuration, and a source field or a drain field. Moreover, 
the 1st p type semiconductor field 235 is formed in the semi-conductor layer 206 
which functions as one electrode of the auxiliary capacity 306. 
[0089] In the pixel section, 244 is a pixel electrode and 242 is a connection 
electrode which connects the data line 224 and the 1st n-type-semiconductor 
field of the semi-conductor film 205. Moreover, although 243 is gate wiring and is 
not shown all over drawing, it has connected with the conductive layer 231 of the 
3rd configuration which functions as a gate electrode. 

[0090] It is formed with the semi-conductor film 206, gate dielectric film 236, and 
the capacity electrode (conductive layer of the 3rd configuration) 232, and the 
configuration of the auxiliary capacity 306 is connected with the gate wiring 249 
of the adjoining pixel, as drawing 7 (B) shows. 

[0091] The plan of such the pixel section 302 is shown in drawing 8 . In drawing 
8 , the plan for about 1 pixel is shown and the sign to give is taken as drawing 7 
(A) and a common thing. Moreover, A-A and the cross-section structure of a B-B' 
line support drawing 7 (A) and drawing 7 (B). In the pixel structure of drawing 8 , 
by forming gate wiring and a gate electrode on a different layer, it becomes 
possible to make the semi-conductor layer 205 superimpose on the gate wiring 
243, and the function as a light-shielding film is added to gate wiring. Moreover, it 
is arranged so that the edge of the pixel electrode 244 may be lapped with the 
data line 233, and is considering as the structure where formation of a light- 
shielding film (black matrix) is omissible so that the clearance between pixel 
inter-electrode may be shaded. Consequently, it is possible to raise a numerical 
aperture compared with the former. 

[0092] The drive circuit 301 formed by this example and the substrate equipped 



with the pixel section 302 are called a active-matrix substrate for convenience. 
The display which carries out a active-matrix drive can be formed using such a 
active-matrix substrate. Here, since the pixel electrode was formed with the 
ingredient of light reflex nature, if it applies to a liquid crystal display, the display 
of a reflective mold can be formed. The luminescence equipment which forms the 
pixel section by the liquid crystal display or the organic light emitting device from 
such a substrate can be formed. Drawing 10 is drawing explaining the 
appearance of the active-matrix substrate with which a drive circuit and the pixel 
section are formed of TFT. On the substrate 501 , the pixel section 506 and the 
drive circuits 504 and 505 are formed. Moreover, an input terminal 502 is formed 
in one edge of a substrate, and the wiring 503 linked to each drive circuit is taken 
about. 

[0093] [Example 2] this example explains the configuration of the active-matrix 
substrate for forming the indicating equipment of a transparency mold using 
drawing 9 . Drawing 9 shows the configuration of the pixel section 302 of the 
active-matrix substrate formed in the example 1. The n channel mold TFT305 
and the auxiliary capacity 306 are formed like an example 1 . 
[0094] In order to form the active-matrix substrate corresponding to a 
transparency mold, it is necessary to form the pixel electrode of translucency. In 
an example 1 , after forming a contact hole in the 3rd interlayer insulation film 239, 
the pixel electrode 250 of translucency is formed using ITO etc. Then, the 
connection wiring 251 linked to the connection electrode 242, or the gate line 243, 
and the 1st n-type-semiconductor field of the n channel mold TFT305 and the 
pixel electrode 250 and the connection wiring 252 which connects the pixel 
electrode 250 with the semi-conductor film 206 which forms one electrode of the 
auxiliary capacity 306 are formed. The active-matrix substrate corresponding to 
the indicating equipment of a transparency mold can be formed by such 
configuration. 

[0095] [Example 3] this example explains below the process which produces the 
liquid crystal display of a active-matrix drive from the active-matrix substrate 



produced in the example 1. Drawing 12 is used for explanation. 
[0096] First, after obtaining the active-matrix substrate of the condition of drawing 
7 (A) according to an example 1 , the orientation film 604 is formed on the active- 
matrix substrate, and rubbing processing is performed. In addition, although not 
illustrated, before forming the orientation film 604, the spacer of the shape of a 
column for holding substrate spacing may be formed in a desired location by 
carrying out patterning of the organic resin film, such as acrylic resin film. 
Moreover, it may replace with a column-like spacer and a spherical spacer may 
be sprinkled all over a substrate. 

[0097] Subsequently, a counterelectrode 602 is formed on the opposite substrate 
601 , the orientation film 603 is formed all over the opposite substrate 601 , and 
rubbing processing is performed. A counterelectrode 602 is formed by ITO. And 
the pixel section, the active-matrix substrate with which the drive circuit was 
formed, and an opposite substrate are stuck by the sealing compound (not 
shown). The filler is mixed in the sealing compound and two substrates are stuck 
on it with uniform spacing by this filler and spacer. Then, the liquid crystal 
ingredient 605 is poured in among both substrates, and it closes completely with 
encapsulant (not shown). What is necessary is just to use a well-known liquid 
crystal ingredient for a liquid crystal ingredient. Thus, the liquid crystal display of 
a active-matrix drive shown in drawing 12 is completed. 
[0098] [Example 4] drawing 13 is an example which shows the structure of the 
luminescence equipment of a active-matrix drive method. TFT654 for switching 
of the n channel mold TFT652 of the drive circuit section 650 shown here, the p 
channel mold TFT653, and the pixel section 651 and TFT655 for current control 
are produced like an example 1 . 

[0099] The 1st interlayer insulation film 618 which consists of silicon nitride and 
oxidation silicon nitride is formed in the upper layer of the gate electrodes 608- 
61 1 , and it uses for it as a protective coat. Furthermore, the 2nd interlayer 
insulation film 619 which consists of organic resin ingredients, such as polyimide 
or an acrylic, is formed as flattening film. 



[0100] The circuitry of the drive circuit section 650 is omitted here, although it 
differs in a gate signal side drive circuit and a data signal side drive circuit. Wiring 
612 and 613 connects with the n channel mold TFT652 and the p channel mold 
TFT653, and the shift register, a latch circuit, a buffer circuit, etc. are formed 
using these TFT(s). 

[0101] In the pixel section 651, the data wiring 614 connected with the source 
side of TFT654 for switching, and has connected the wiring 615 by the side of a 
drain with the gate electrode 61 1 of TFT655 for current control. Moreover, the 
source side of TFT655 for current control connected with the current supply 
wiring 617, and the electrode 616 by the side of a drain has connected it with the 
anode plate of a light emitting device. 

[0102] On these wiring, the 2nd interlayer insulation film 627 which consists of 
organic insulating materials, such as silicon nitride, is formed. An organic resin 
ingredient is hygroscopic and has the property which carries out occlusion of the 
H20. Since it will become the cause of supplying oxygen to an organic 
compound and degrading an organic light emitting device if the H20 is re-emitted, 
in order to prevent the occlusion of H20, and re-emission, the 3rd insulator layer 
620 which consists of silicon nitride or oxidation silicon nitride is formed on the 
2nd interlayer insulation film 627. Or the 2nd interlayer insulation film 627 is 
omitted and the thing of the 3rd insulator layer 620 for which this layer is further 
formed with a chisel is also possible. 

[0103] The organic light emitting device 656 consists of the cathode 624 formed 
using ingredients, such as alkali metal, such as the organic compound layer 623 
and MgAg which have the anode plate 621 which forms on the 3rd insulator layer 
620 and is formed with transparent conductive ingredients, such as ITO (indium 
oxide tin), a hole-injection layer, an electron hole transportation layer, a luminous 
layer, etc., and LiF, or alkaline earth metal. Although detailed structure of the 
organic compound layer 623 is made into arbitrary things, the example is shown 
by drawing 5 in the gestalt 2 of operation. 

[0104] Since neither the organic compound layer 623 nor cathode 624 can 



perform wet processing (processing of etching, rinsing, etc. by the drug solution), 
according to an anode plate 621, the septum layer 622 formed with a 
photopolymer ingredient on an organic compound insulator 619 is formed. The 
septum layer 622 is formed so that the edge of an anode plate 622 may be 
covered. The septum layer 622 applies the resist of a negative mold, and 
specifically, it forms it so that it may become the thickness of about 1-2 
micrometers after BEKU. Then, using the photo mask which prepared the 
predetermined pattern, ultraviolet rays are irradiated and are exposed. The rate 
which will be exposed in the membranous thickness direction if the resist 
ingredient of a negative mold with bad transmission is used changes, and if this 
is developed, the upper part can make the gestalt of a septum layer the 
configuration (the so-called overhang configuration) which projects in the 
direction parallel to a substrate front face. Of course, such a septum layer can 
also be formed using photosensitive polyimide etc. 

[0105] The ingredient containing the small magnesium (Mg), the lithium (Li), or 
calcium (calcium) of a work function is used for cathode 624. What is necessary 
is just to use the electrode which becomes preferably by MgAg (ingredient which 
mixed Mg and Ag by Mg:Ag=10:1). A MgAgAI electrode, a LiAl electrode, and a 
LiFAl electrode are mentioned to others. Furthermore, the 2-30nm of the 4th 
insulator layer 625 is preferably formed in the upper layer by the thickness of 5- 
10nm with silicon nitride or the DLC film. Even if it can form the DLC film by the 
plasma-CVD method and forms it at the temperature of 100 degrees C or less, it 
can cover and form the edge of the septum layer 622 with sufficient covering 
nature. The internal stress of the DLC film can ease oxygen and nitrogen by 
making it mix in a minute amount, and can be used as a protective coat. And the 
DLC film begins oxygen and it is known that gas barrier property, such as CO, 
C02, and H20, is high. After the 4th insulator layer 625 forms cathode 624, it is 
desirable to form continuously without carrying out atmospheric-air release. It is 
because the interface condition of cathode 624 and the organic compound layer 
623 influences the luminous efficiency of an organic light emitting device greatly. 



[0106] Thus, it becomes possible to prevent generating of the crack by thermal 
stress by forming the organic compound layer 623 and catholyte 624, and 
forming an organic light emitting device, without touching the septum layer 622. 
Moreover, in order that the organic light emitting device 656 may dislike oxygen 
and H20 most, since it is blocked, silicon nitride or oxidation silicon nitride, and 
the DLC film 625 are formed. Moreover, these also have the function for not 
taking out outside the alkali metals which the organic light emitting device 656 
has. 

[0107] In drawing 13 , TFT654 for switching was made into multi-gate structure, 
and the low concentration drain (LDD) which overlaps a gate electrode is formed 
in TFT655 for current control. Although TFT using polycrystalline silicon shows a 
high working speed therefore, degradation of hot carrier impregnation etc. also 
tends to take place, therefore, it is very effective to form in a pixel TFT (TFT for 
switching of the OFF state current low enough and TFT for current control strong 
against hot carrier impregnation) from which structure differs according to a 
function like drawing 6 , when it has high dependability and the display in which 
good image display is possible (the engine performance of operation - high) is 
produced. 

[0108] As drawing 13 shows, the 1st insulator layer 602 is formed in the lower 
layer side (substrate 601 side) of the semi-conductor film which forms TFT 654 
and 655. The 2nd insulator layer 618 is formed in the opposite upper layer side. 
On the other hand, the 3rd insulator layer 620 is formed in the lower layer side of 
the organic light emitting device 656. The 4th insulator layer 625 is formed in an 
upper layer side. And the organic compound insulator 619 is formed and unified 
among the both. Alkali metal, such as sodium which TFT 654 and 655 dislikes 
most, is blocked by surrounding by the 1st insulator layer 602 and the 2nd 
insulator layer 618, although a substrate 601 and the organic light emitting device 
656 can be considered as a pollution source. On the other hand, in order that the 
organic light emitting device 656 may dislike oxygen and H20 most, since it is 
blocked, the 3rd insulator layer 620 and the 4th insulator layer 625 are formed. 



These also have the function for not taking out outside the alkali metals which the 
organic light emitting device 656 has. 

[0109] In the organic luminescence equipment of structure as shown by drawing 
13 , the process which carries out continuation membrane formation of the anode 
plate 621 produced by the 3rd insulator layer 620 and the transparence electric 
conduction film represented by ITO by the sputtering method can be used for an 
example of the efficient production approach. The sputtering method is suitable 
for forming a precise silicon nitride film or an oxidation silicon nitride film, without 
giving a remarkable damage to the front face of an organic compound insulator 
619. 

[01 10] As mentioned above, the pixel section can be formed combining TFT and 
organic luminescence equipment, and luminescence equipment can be 
completed. Such luminescence equipment can also form a drive circuit on the 
same substrate using TFT. As drawing 13 shows, the semi-conductor film, the 
gate dielectric film, and the gate electrode which are the main component of TFT 
have the structure which prevents contamination of alkali metal or the organic 
substance by surrounding a lower layer and upper layer side by the blocking 
layer and protective coat which consist of silicon nitride or oxidization silicon 
nitride. On the other hand, an organic light emitting device contains alkali metal in 
a part, and it is surrounded in the gas barrier layer which consists of the 
protective coat which consists of silicon nitride or oxidation silicon nitride, and the 
insulator layer which uses silicon nitride or carbon as a principal component, and 
has the structure which protects that oxygen and H20 permeate from the exterior. 
[0111] Thus, this invention can complete luminescence equipment, without 
combination and each interfering in the component from which the property over 
an impurity differs. Furthermore the effect by stress can be eliminated and 
dependability can be raised. 

[01 12] It depends for the capacity removed from the semi-conductor film after 
crystallizing a metallic element with a [example 5] catalysis on the rate of 
crystallization of the semi-conductor film concerned other than whenever 



[ stoving temperature / of gettering ], or time amount (the crystallization field 
occupied to per the volume of a coat, or area comparatively). 
[01 13] The sample from which nickel is added on the amorphous silicon film, 
heating time is changed to it, and the rate of crystallization differs was produced. 
Specifically, an example of the rate of crystallization of the sample which 
changed and produced heating time is shown in drawing 17 and drawing 18 , 
using heat-treatment temperature as 650 degrees C (heating-up-time 3 minutes 
and 30 seconds) by the GRTA method. Drawing 1717 is observed with an optical 
microscope using an amorphous field differing in light transmittance from a 
crystallization field, and the result of having plotted the rate of surface ratio as a 
rate of crystallization is shown, drawing 18 - Raman - a spectrum - it is the 
result of plotting the peak intensity ratio of TO (a-Si:480cm-1) and TO (c- 
Si:520cm-1 neighborhood) for which it asked from the spectrum to heat treatment 
time amount. The rate of crystallization is changing in about 95 - 99.9% of range. 
[01 14] After gettering irradiated laser light (a XeCI excimer laser, 480 mJ/cm2), it 
was performed. The rate of crystallization is about 100% by the exposure of laser 
light. In this condition, it investigated about the residual nickel concentration at 
the time of carrying out gettering processing for 3 minutes at 625 degrees C and 
650 degrees C (each heating-up-time 3 minutes and 30 seconds). Nickel 
concentration was measured by TXRF (Total Reflection X-Ray Fluorescence: 
total reflection fluorescence X rays spectrum). Drawing 19 is the result of carrying 
out gettering at 625 degrees C, and if the rate of crystallization is high, as for 
residual nickel concentration, variation is greatly and high. On the other hand, 
correlation is not seen when gettering is carried out at 650 degrees C, as shown 
in drawing 20 . 

[01 15] Depending on the rate of crystallization before the exposure of laser light, 
it is thought that it is because the nickel silicide-ized to the grain boundary 
deposits, the amount of deposits increases and the sludge of nickel or nickel 
silicide becomes large that residual nickel concentration increases when the 
value is very high. A fall of the temperature at the time of gettering shows that it 



is hard coming to move nickel to a gettering site. Therefore, from a viewpoint of 
extending the tolerance of the processing conditions in gettering, it turns out that 
it is good it to be desirable to specify the rate of crystallization and to consider as 
about 95 - 99%. 

[0116] A degree removable from the silicon film after crystallizing a metallic 
element with a [example 6] catalysis is dependent on the rate of crystallization of 
the semi-conductor film concerned other than whenever [ stoving temperature / 
of gettering ], or time amount (the crystallization field occupied to per the volume 
of a coat, or area comparatively). This example shows an example about a laser 
radiation condition dependency about a gettering property. 
[01 17] Drawing 21 shows the result of having measured concentration 
distribution of the nickel added as a metallic element which promotes 
crystallization according to secondary ion mass spectrometry. A laser luminous 
energy consistency is changed and the silicon film which is a sample irradiates it, 
after adding nickel and making it crystallize by heat-treatment. Laser light makes 
the light source a pulse oscillation XeCI excimer laser (wavelength of 308nm), is 
30Hz in repeat frequency, and has carried out repeat exposure processing of the 
same field 12 times. Energy density is measured about the case of 380 mJ/cm2 
and 550 mJ/cm2 to 480 mJ/cm2 which is standard conditions. 
[01 18] Drawing 21 shows the depth direction distribution of the nickel in the 
crystallized silicon film. It turns out that it segregates on the front face of the 
silicon film concerned as a laser luminous energy consistency increases nickel. 
This is for the silicon film to fuse by the exposure of laser light, to solidify from a 
substrate side (substrate side), and for a solid-liquid interface to move toward a 
front face. That is, since nickel segregates in a liquid with whenever [ dissolution / 
high ], it can be understood that the concentration becomes high in the front face 
solidified at the end. Drawing 22 changes a laser luminous energy consistency to 
240 - 550 mJ/cm2, and shows the result of having measured the nickel 
concentration in the front face of the crystallized silicon film in TXRF. In drawing 
22 , it is two or more 360 mJ/cm which the nickel concentration in a front face 



increases. 

[01 19] thus, although energy density 360 mJ/cm2 serves as the critical point, 
drawing 23 shows - as - Raman - a spectrum - it is also the point that the 
Raman shift of the crystal silicon in a spectrum decreases rapidly. It is shown that 
the silicon film is crystallizing the data of drawing 22 and drawing 23 through a 
melting condition by two or more energy density 360 mJ/cm. 
[0120] The high-resolution transmission electron microscope photograph near 
the grain boundary is shown in drawing 24 , and an electron diffraction image is 
shown in drawing 25 . This is the sample after irradiating the laser light of 480 
mJ/cm2. The lattice image of nickel silicide can be checked in drawing 2424 . 
The face to face dimension of the crystal obtained from the electron diffraction 
image of drawing 25 is shown in Table 1. According to Table 1, it is thought that 
the nickel silicide observed by the grain boundary is not NiSi2 but nickel3Si2 or 
nickel2Si. By supercooling, the nickel fused by the exposure of laser light can be 
regarded as having frozen in the grain boundary in the state of nickel3Si2 or 
nickel2Si. This is presumed to be that from which NiSi2 which existed in the grain 
boundary changed with the energy of laser to nickel3Si2 or nickel2Si. Since 
stable temperature is thermally low, nickel3Si2 and nickel2Si can be considered 
that nickel is easy to be emitted from these silicide. 
[0121] 
[Table 1] 
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[0122] Various semiconductor devices can be manufactured by using [example 
7] this invention. As such a semiconductor device, the picture reproducer 
equipped with a video camera, a digital camera, a goggles mold indicating 
equipment (head mount display), a navigation system, sound systems (a car 



audio, audio component stereo, etc.), a note type personal computer, a game 
device, Personal Digital Assistants (a mobile computer, a cellular phone, a 
handheld game machine, or digital book), and a record medium etc. is mentioned. 
The example of these semiconductor devices is shown in drawing 15 and 
drawing 16 . 

[0123] Drawing 15 (A) is monitors, such as a desktop mold personal computer, 
and consists of a case 3301 , susceptor 3302, a display 3303, etc. A display 3303 
and other integrated circuits can be manufactured by using this invention. 
[0124] Drawing 15 (B) is a video camera and contains a body 331 1 , a display 
3312, the voice input section 3313, the actuation switch 3314, a dc-battery 3315, 
and television section 3316 grade. A display 3312 and other integrated circuits 
can be manufactured by using this invention. 

[0125] Drawing 15 (C) is a part of head mount EL display (right one side), and 
contains a body 3321, a signal cable 3322, the head fixed band 3323, the 
projection section 3324, optical system 3325, and display 3326 grade. A display 
3326 and other integrated circuits can be manufactured by using this invention. 
[0126] drawing 15 - (- D -) - a record medium - having had - picture 
reproducer (specifically DVD regenerative apparatus) - it is -- a body - 3331 - 
record media (DVD etc.) - 3332 - actuation - a switch - 3333 - a display - (-- 
a -) - 3334 - a display (-- b -) - 3335 - etc. - from - changing ~ **** . using 
this invention, although a display (a) 3334 mainly displays image information and 
a display (b) 3335 mainly displays text -- a display (a) 3334 and a display (b) - 
3335 - in addition to this, an integrated circuit can be manufactured. In addition, 
a home video game machine machine etc. is contained in the picture reproducer 
equipped with the record medium. 

[0127] Drawing 15 (E) is a goggles mold indicating equipment (head mount 
display), and contains a body 3341, a display 3342, and the arm section 3343. A 
display 3342 and other integrated circuits can be manufactured by using this 
invention. 

[0128] Drawing 15 (F) is a note type personal computer, and contains a body 



3351, a case 3352, a display 3353, and keyboard 3354 grade. A display 3353 
and other integrated circuits can be manufactured by using this invention. 
[0129] Drawing 16 (A) is a cellular phone and contains a body 3401, the voice 
output section 3402, the voice input section 3403, a display 3404, the actuation 
switch 3405, and an antenna 3406. A display 3404 and other integrated circuits 
can be manufactured by using this invention. 

[0130] Drawing 16 (B) is a car audio and includes a body 3411, a display 3412, 
and the actuation switches 3413 and 3414 in a sound system and a concrete 
target. The luminescence equipment of this invention can be used by the display 
3412. Moreover, although this example shows the audio for mount, you may use 
for a pocket mold or a sound system for home use. 
[0131] drawing 16 -- (-- C -) - a digital camera - it is -- a body - 3501 - a 
display - (- A -) - 3502 -- an eye contacting part -- 3503 - actuation -- a switch 
- 3504 - a display - (- B -) - 3505 - a dc-battery - 3506 - containing . By 
using this invention, (Display A) 3502 display (B) 3505 and other integrated 
circuits can be manufactured. 

[0132] As mentioned above, the applicability of this invention is very wide, and 
applying to various electronic instruments is possible. Moreover, even if the 
electronic instrument of this example uses the configuration which consists of 
combination like an example 1-5 throats, it is realizable. 
[0133] 

[Effect of the Invention] A catalyst element can be efficiently removed or reduced 
from the semi-conductor film which has the crystal structure acquired by using 
this invention using the catalyst element which promotes crystallization. 
Moreover, it has the description that this processing can be performed below at 
the temperature which a glass substrate distorts and deforms. 
[0134] Moreover, since the rare-gas element added on the semi-conductor film in 
order to perform gettering is inactive in the semi-conductor film, it does not have 
the bad influence of fluctuating the threshold electrical potential difference of TFT. 
Moreover, since the rare-gas element added by ion-implantation or the ion 



doping method can be supplied in the condition that balance gas is not included 
at all by the high grade, there can be little time amount which doping takes, and 
can end, and it can raise improvement in the productivity of a semiconductor 
device. 

[01 35] Furthermore, the semi-conductor film which has the crystal structure 
produced by this invention is excellent in crystallinity with the effectiveness of a 
catalyst element, and the catalyst element is removed or reduced by gettering. 
Therefore, when it uses as a barrier layer of a semiconductor device, the 
semiconductor device which combines outstanding electrical characteristics and 
high dependability can be obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view explaining the making process of the 
semiconductor device of this invention. 

[Drawing 2] The sectional view explaining the making process of the 
semiconductor device of this invention. 

[Drawing 3] The sectional view explaining the making process of the 



semiconductor device of this invention. 

[Drawing 4] The sectional view explaining the making process of the active- 
matrix substrate corresponding to the reflective mold indicating equipment 
produced using this invention. 

[Drawing 5] The sectional view explaining the making process of the active- 
matrix substrate corresponding to the reflective mold indicating equipment 
produced using this invention. 

[Drawing 6] The sectional view explaining the making process of the active- 
matrix substrate corresponding to the reflective mold indicating equipment 
produced using this invention. 

[Drawing 7] The sectional view explaining the making process of the active- 
matrix substrate corresponding to the reflective mold indicating equipment 
produced using this invention. 

[Drawing 8] The plan explaining the configuration of the pixel section of the 
active-matrix substrate corresponding to the reflective mold indicating equipment 
produced using this invention. 

[Drawing 9] The sectional view explaining the configuration of the pixel section of 
the active-matrix substrate corresponding to the transparency mold indicating 
equipment produced using this invention. 

[Drawing 10] The plan explaining the appearance of a active-matrix substrate. 
[Drawing 11] The sectional view explaining the making process of the 
semiconductor device of this invention. 

[Drawing 12] The sectional view explaining the configuration of the liquid crystal 
display produced using this invention. 

[Drawing 13] The sectional view explaining the configuration of the luminescence 
equipment produced using this invention. 

[Drawing 14] The sectional view explaining the making process of the 
semiconductor device of this invention. 

[Drawing 15] Drawing showing an example of a semiconductor device. 
[Drawing 16] Drawing showing an example of a semiconductor device. 



[Drawing 17] The graph which shows the relation between the heat treatment 
time amount by the GRTA method, and the rate of crystallization. 
[Drawing 18] Raman - a spectrum - the graph which shows the heat treatment 
time dependency of the peak intensity ratio of TO (a-Si:480cm-1) and TO (c- 
Si:520cm-1 neighborhood) searched for from the spectrum. 
[Drawing 19] The graph which shows the relation between the rate of 
crystallization, and the residual nickel concentration after gettering (temperature 
of 625 degrees C at the time of gettering). 

[Drawing 20] The graph which shows the relation between the rate of 
crystallization, and the residual nickel concentration after gettering (temperature 
of 650 degrees C at the time of gettering). 

[Drawing 21] It is the graph which shows distribution of the nickel concentration in 
the semi-conductor film by secondary ion mass spectrometry, and the distribution 
before and behind the exposure of laser light is shown. 

[Drawing 22] The graph which shows nickel concentration distribution of a semi- 
conductor film front face, and shows the exposure energy dependence of laser 
light. 

[Drawing 23] The graph which shows the Raman shift of the semi-conductor film 
and shows the exposure energy dependence of laser light. 
[Drawing 24] The high-resolution transmission electron microscope photograph 
near the grain boundary. 

[Drawing 25] The electron diffraction image in the specifying point near the grain 
boundary. 
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[Drawing 7] 
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[Drawing 12] 
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[Drawing 18] 
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[Drawing 20] 
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[Drawing 22] 
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[Drawing 23] 
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[Drawing 24] 




[Drawing 25] 
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